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.his  report  describes  the  analysis  and  design,  and  the  fabrication 
and  test  of  an  improve!  qlide  slope  antenna  system.  It  is  capable  of 
providing  CAT  II  performance  over  level  ground,  rising  ground,  and 
severe  broken  ground  associated  with  problem  sites.  It  is  broadband 
and  can  operate  at  any  I  LS  glide  slope  frequency  with  no  special 
tuninj.  A  new  monitoring  technique  was  developed  which  is  applicable 
to  any  antenna  system  consisting  of  a  large  number  of  radiators. 

The  report  contains  the  results  of  antenna  range  measurements  and 
flight  check  data  taken  at  a  typical  site. 
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1.0  INTRODUCTION 


Contract  DOT  FA74WA-3353  was  a  mu  It  1  - 1 asked  contract.  Three 
mathematical  analyses  were  performed  under  the  contract,  and 
were  reported  in  separate  final  reports.  It  war,  also  required 
to  lesi  r n,  levelop,  and.  test  a  glide  slope  antenna  system 
a:  able  of  operating  ver  severe  terrain  conditions. 


1.1  MATHEMATICAL  STUDIES 

"he  Westmqh  vise  approach  to  the  problem  o!  siting  ILS 
•  1  i  !e  s’.  '- e  mtenna  systems  has  been  to  develop  a  computer 
do  1 1  n  :  technique  capali  le  of  Jetermining;  (1)  the  effects  on 
flyabili*/  G  various  antenna  parameters  leading  to  improved 
.antenna  !es  l  ms,  and  (2)  the  ability  to  predict  how  specific 
antennas  will  perform  in  a  riven  terrain  environment.  Under  this 
contract,  the  computer  modeling  was  used  to  study  potential  im¬ 
provement;;  to  exist  in  r  image  ;li  le  slope  systems  and  to  evaluate 
the  current  grading  an  !  s.tinr  criteria  with  a  view  to  upgrading 
6  750.  16A.  A  synopsis  of  these  reports  is  included  here: 

Report  no.  FAA-RP- 70-42 ,  “  tody  of  Rough  Ground  and  Grading 

Criteria  For  Instrument  Landing  System  Glide  Slope  Site  Prepar- 
at ion." 

The  scat  ‘crin-r  of  e  lect  ronagnet  l  c  radiation  from  rough  surfaces 
has  been  studied.  The  diffuse  and  specular  components  of  the 
scattered  field  are  treated  separately.  Current  grading  of  ILS 
sites  requires  rather  stnn  mnt  {'reparation  of  the  ground.  The 
application  of  this  report  is  to  develop  grading  criteria  that 
reflect  the  statistical  nature  of  the  disturbance  in  observed 
si  ;nal  rather  than  simply  to  consider  the  maximum  allowable  phase 
differences  as  the  basis  for  establishing  a  grading  criteria. 

The  results  of  this  work  indicate  that  the  current  grading  is  too 
stringent  and  that  substantial  cost  savings  can  be  effected  through 
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•i  more  systematic  approach.  In  specifying  the  grading  criteria, 
the  expressions  developed  all<>w  for  the  treatment  of  several 
statistically  hfferent  sir  faces  with  the  retirement  that  the 
solutions  be  ;e  1  f  -  cons  1  s  ten t  when  the  roughness  of  each  adjacent 
sur  f  ace  is  e  ;  ua  L . 

Report  N  .  EAA- RP- " 8- 4 1 ,  "Capture  Effect  Array  Glide  Slope 
Guidance  :'tu,Ty". 

The  ;  urpose  of  this  study  h  is  been  to  examine  the  perfi  rmunce 
of  the  apture  Effect  :li  le  Slope  Array  as  a  function  of  the 
quality  md  luantity  of  required  jround  plane.  Methods  of 
ir.provenvnt  were  also  invest  i  jatoi;  wherein  either  a  smoothing 
f  t  fie  ;  1 1  de  path  structure  or  a  reduction  of  the  required, 
jround  :  lane  was  cons  l  fere1,  an  i  mp  i  ovenen  t  .  The  study  was 
!i  r«  •■*<■.!  entirely  !  the  ;t  tuct  i  r  <•  on  ill  ie  path.  All  Capture 
K  !  te  ’  i  ns  t  a  1 1  it  i  otv.  we  operated  w  1 1  !i  an  additional  clearance 
■•ijnil  wh  i  ch  i  .  ir  mtee  ■  ufficient  be  low  path  fly-up  to  provide 
it'  •  ol  ite  ifety.  In  the  ronclusions  it  was  sfiown  that  some 
m.  fifiei*.  n  •  vhe  standard  antenna  configuration  results  in  a 
:e!u."i  f  •  !.••  :  f.  t-.e  sensitivity  of  the  j  1  i  ie  path  structure. 

This  w  !  result  in  a  j e  iu.'t  ion  in  the  exactness  of  monitoring 

presently  use!  on  ill  >per at  ional  systems.  The  results  of  this 
stud',  have  f  iv  g.il  ly  'omp  u  ed  to  limite  !  experimontal  data. 

•i  ’wever,  i  complete  an  !  controlled  experimental  program  would 
b>-  repaired  t  '  establish  t  fie  useful  range  of  application  of  this 
analysis. 

Report  So.  KAA-RD-78-4  ,  "Analysis  of  The  Performance  Of  Image 
'•Ti  le  .‘.lope  Antenna  In  The  Presence  f  Truncated  Ground". 

Terrain  mioling  in  electromagnetic  scattering  problems  has 
t:  i  ht i  >nally  involved  separating  the  terrain  under  consideration 
into  small  enough  scjmcnts  so  that  a  Huygens  source  approximation 
to  the  treatment  ol  the  scattered  field  is  possible.  Use  of  this 
techni  pie  very  often  re;  nres  an  exceedingly  large  number  of 
s  e  i  me  n  t  •••  to  properly  represent  the  jround  surface.  Moreover, 
numerical  integration  techni  jues  are  often  used  to  calculate  the 
scattere  i  fiel  !•  from  the  H  :  jens  sources.  This  approach  can 
lead  to  mputer  programs  running  times  on  the  order  of  hours  for 
many  appli rut i ons .  This  japer  is  concerned  with  applying  the 
hilf-pl  me  scattering  solutions  of  I'.rnior,  Woods,  and  Bromwich 
to  the  -  feling  of  a  wide  variety  of  terrain  conditions  using 
close!  f  rm  analytic  solutions.  The  use  of  such  a  technique  can 
reduce  computer  running  times  foi  many  common  terrain  situations 
by  or  icrs  of  magnitude. 

The  motivation  for  the  work  presented  here  was  a  need  to  develop 
more  practical  techniques  (in  terms  of  reduced  computer  running 
times)  for  computing  the  performance  characteristics  of  instrument 


1-2 


landing  systems  (ILS)  glide  slope  antennas  over  non-ideal  terrain. 
Practically  all  glideslope  antennas  in  use  today  are  of  the 
ground- image  type  which  depend  on  ground  reflections  for  the 
formation  of  the  guidance  beam.  The  formation  of  an  ideal  glide 
path  in  space  requires  a  ground  plane  in  front  of  the  antenna 
that  is  infinite,  flat,  and  perfectly  conducting.  Such  a  case 
is  readily  calculated  using  simple  image  theory.  However,  this 
ideal  condition  is  never  encountered  in  practice  and  rarely  is 
the  flat  ground  in  front  of  the  antenna  of  such  an  extent  that 
image  theory  can  provide  an  accurate  model.  Many  times  the 
terrain  is  of  such  a  nature  that  it  can  be  accurately  modeled 
by  half-planes  and.  large  (  >2-3  wavelengths)  connected  strips 
that  are  infinite  in  length. 

In  order  to  properly  characterize  the  performance  of  an  ILS 
ill  !e  slope  antenna  on  the  ilide  path  one  needs  to  calculate  the 
total  fields  at  »  large  number  of  points  corresponding  to  an 
urcraft's  position  as  it  is  approaching  the  runway.  In  addition, 
several  more  approaches  above  anil  below  the  glide  path  and  either 
si  !e  of  the  runway  are  neede  1  to  complete  the  glide  slope 
characterization.  Thus  the  scattered  fields  at  a  very  large 
number  of  aircraft  positions  are  needed.  In  order  to  have  a 
terrain  model  that  can  economically  and  accurately  account  for 
scattering  from  lar  je  segments  of  terrain,  a  closed  form  expression 
for  scattering  t rom  these  segments  that  is  valid  when  the  segments 
are  in  the  near  field  of  the  radiating  antenna  system  is 
necessary.  r'se  of  the  half-plane  scattering  solution  and  com¬ 
bining  two  half-planes  to  form  strips  provides  the  basis  for 
such  a  terrain  model. 

Rellich  has  computed  the  pe: formance  of  glide  slope  antennas 
over  limited  j round  planes,  however,  his  approach  involved  a 
two-dimensional  terrain  model  and  allowed  evaluation  of  far 
field  performance  characte r 1 s t i cs  only.  The  terrain  model 
developed  in  this  paper  is  a  fully  three  dimensional  model  and 
alli'ws  for  near  and  far  field  ch  a  r  acte  r  i  z  at  i  on  of  the  glide 
slope  antenna. 

Verification  of  the  approach  presented  has  been  accomplished  by 
using  experimental  data  obtained  by  Lucas.  Good  agreement 
between  theory  and  experiment  has  been  achieved. 


1.2  DIPOLE  BROADSIDE  GLIDE  SLOPE  ANTENNA  DESIGN 

This  contract  provides  for  the  analysis  and  design,  and  the 
fabrication  and  test  of  an  improved  glide  slope  antenna  system. 
The  basic  antenna  requirements  are: 


1.  It  must  be  capable  of  providing  Category  II 
performance  over  level  ground,  rising  qround, 
and  severe  broken  ground  associated  with  problem 
s 1 tes . 

2.  It  must  be  broad  bund  such  that  it  can  opeiate 
at  any  ILS  glide  slope  frequency  with  no  special 
tun l ng . 

3.  It  must  be  consistent  with  KAA  construction  and 
installation  practices  an!  compatible  with 
transmitters  and  monitor  systems  in  current  usage. 

In  order  to  satisfy  item  one  (1)  above,  a  non- l mage  antenna 
m  .st  be  used.  In  this  application,  "broadside"  refers  to  a  class 
:  mtenna-.  r.  which  the  radiation  ;  at  tern  is  entirely  forme  : 
within  the  physical  extent  of  the  aperture.  This  is  opposed  to 
the  "image"  systems,  which  lepend  on  noun  !  adjacent  to  the 
antenna  in  support  of  the  formation  of  the  final  radiation 
pattern.  The  rough  iround  condition  of  item  one  requires  that 
ener  jy  be  surpressed  over  a  critical  region  which  would  produce 
scattering  mt  the  ill  !e  path.  This  specialized  tailoring  of 
the  i  illation  pattern  requires  an  array. 

A  number  of  hfferent  types  of  radiating  f'lemonts  were 
ons  i  lered.  It  was  dcci  led  that,  on  the  basis  of  manufacturing 
ease  an!  overall  reliability,  the  dipole  would  be  the  most 
pract i  ul  radiating  element. 

The  final  confi  juration  leterruned  to  satisfy  the  design 
joals,  is  an  array  of  dip>ole  elements  referred  to  as  the  Dipole 
Broadside  Glide  Slope  Array.  The  analysis  to  determine  the 
final  lesired  radiation  pattern,  the  element  excitations,  and  a 
physical  description  of  the  array  are  given  in  Section  2  of  this 
Report.  As  with  other  ILS  arrays  consisting  of  a  large  number 
of  radiators,  monitoring  is  a  difficult  problem.  A  new  approach 
was  ileveloped  on  this  program.  It  is  a  time  shared  technique. 
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in  which  the  monitor  function  is  stepped  through  the  array  of 
radiating  elements,  in  a  timo  short  compared  to  aircraft  move¬ 
ment.  This  system  is  described  in  Section  3. 

Section  4  describes  the  results  of  the  antenna  testing 
program.  This  includes  both  antenna  pattern  range  data  and 
flight  check  data  taken  at  a  field  site.  The  antenna  range 
data  indicates  that  the  desired  radiation  pattern  was  almost 
perfectly  achieved.  It  also  shows  that  the  desired  planar 
juidance  an!  broadband  performance  were  achieved.  The  flight 
check  program  was  marred  by  repeated  failure  of  SMA  connectors. 
These  have  been  rep  laced  with  type  TNC  and  should  provide  a 
hijh  level  of  reliability.  There  was,  however,  a  sufficient 
amount  of  flight  check  data  taken  in  the  field  to  demonstrate 
AT  II  performance  at  a  severe  terrain  site.  It  is  felt  that 
the  antenna  not  only  meets  all  performance  loals,  but  can  provide 
an  exepti  'nil  juality  juidance  at  virtually  any  tough  site. 

Path  roughnes  »nd  the  linearity  of  the  level  run  transitions 
were  outstanling  over  this  rough  ground  test  site.  They  are 
si  jnificantly  letter  than  the  Compensated  Waveguide,  which  had 
been  initially  tested  at  the  sane  site. 

In  Section  S  a  mechanical  modification  is  recommended.  The 
purpose  is  two  fold:  (1)  to  increase  reliability,  and  (2)  to 

reduce  construction  costs.  This  is  consistent  with  the  design 
goal  of  having  an  inexpensive  antenna  designed  for  mass 
proJuct ion . 
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2.0  ANTENNA  DESIGN 


The  statement  of  work  for  this  contract  provides  for  the 
theoretical  analysis  and  design  of  several  versions  of  a  re- 
iuced  aperture  array.  Based  on  this  theoretical  analysis  and 
les 1 jn ,  one  version  of  a  reduced  aperture  array  will  be  fabricated 
and  tested.  This  effort  shall  include  design,  fabrication  and 
factory  test  of  parts  and  of  the  assembled  array  which  will  pro- 
vi  5e  'ate gory  II  performance  at  level  ground,  rising  jround 
and  broken  iroun!  types  of  problem  sites.  The  factory  tests 
shall  include  pattern  range  and  monitor  tests  to  insure  the 
antenna  array  is  operating  as  designed  before  field  tests  are 
attempted.  The  work  shall  also  provide  for  field  tests  of  the 
reduce  !  length  array  at  a  site  where  rough  qround  tests  can  be 
conducted  such  that  the  complete  capab 1 1 i t ies  of  the  antenna  are 
t-*s»e!.  The  antenna  shall  be  broadband,  capable  of  providing 
AT  'I  pe r f ormance ,  anywhere  in  the  glide  slope  band,  with  no 
speci a  1  tuning. 

V  any  !i  f  ferent  mtenna  con  f  i  jurat  i  ons  were  investigated.  Only 
the  final  !esi  j.n  will  be  reported.  It  should  be  noted  that  the 
expression  "reduced  aperture  array"  no  longer  applies.  As  the 
analysis  progressed  and  performance  estimates  based  on  aperture 
length  became  available,  more  stringent  requirements  were  defined 
by  the  FAA  Technical  Offier,  requiring  larger  apertures.  It  was 
'ec:  !c d  that  the  new  array  could  be  any  length,  but  not  to  exceed 
the  length  of  the  compensated  waveguide. 

2.1  ANTENNA  ELECTRICAL  DESIGN 

2.1.1  Preliminary  Considerations 

There  are  two  basic  typos  of  glide  slope  antennas;  (1) 
i-iaie  systems,  and  (2)  non-image  arrays.  Image  systems  require 
the  energy  reflected  from  a  near  perfect  ground  plane  to  complete 
the  guidance  pattern.  This  ground  must  extend  over  several 


thousand  feet  and,  not  only  be  flat,  but  also,  fixed  in  position. 
Acceptable  performance  often  requires  extensive  terrain  modi¬ 
fications.  For  the  case  of  an  over  tidal  water  approach,  this 
is  virtually  impossible. 

Broadside  arrays  are  systems  fromwhich  the  desired  guidance 
pattern  is  formed  entirely  within  the  physical  extent  of  the 
radiatinq  aperture.  The  ideal  site  would  be  one  in  which  there 
was  no  (round  in  front  of  the  antenna.  The  presence  of  ground 
can  only  degrade  performance,  since  it  will  scatter  energy  into 
the  (li  le  path. 

Neither  of  these  two  perfect  situations  can  be  achieved; 
i.e.,  the  perfect  ground  plane  or  no  ground  plane.  For  sites 
from  which  the  existing  ground  is  reasonably  flat,  the  image 
system  is  the  most  feasible.  For  sites  with  either  rough 
iround  or  tides,  an  adaptation  of  the  broadside  antenna  is  a 
vi  able  ip:  >  much.  The  adaptation  consists  of  suppressing  any 
energy  which  would  scatter  into  the  glide  path  in  such  a  way 
as  would  take  the  guidance  out  of  specifications.  It  is  to  the 
design  of  this  type  of  antenna  that  the  program  was  directed. 

The  I  LS  glide  slope  radiates  two  signals:  (1)  the  carrier- 

plus  -  s  i  deband  (CSB)  ,  and  the  sideband-only  (SBO)  .  The  ('SB  signal 
serves  as  a  reference  for  demodulation  and  signal  level  measure¬ 
ments.  It  has  a  maximum  within  the  glide  path  course  width 
{glide  path  angle  ♦  0. 3S°) ,  and  is  slowly  varying  over  the 
course  width.  The  direct  CSB  signal  strength  compared  to  any 
reflected  CSB  is  always  very  large,  hence,  the  CSB  is  not 
affectef  by  scattered  energy,  and  therefore,  no  special  shaping 
of  the  CSB  pattern  is  required.  A  sufficiently  low  sidelobe  CSB 
pattern  can  be  achieved  with  the  conventional  cosine  squared  on 
a  pedestal  aperture  distribution. 

The  case  for  the  SBO  pattern  is  considerably  more  complex. 
The  SBO  has  a  null  on  the  glide  path,  known  as  the  guidance  null, 


and  very  rapidly  increasinq  signal  above  and  below  the  glide 
path.  Reflected  energy  can  cause  appreciable  shifts  in  the 
position  of  this  null,  which  is  equivalent  to  changes  in  the 
tilde  path  angle.  The  requirement  of  controlling  this  scattered 
energy  must  be  approached  from  two  directions:  (1)  the  lower 
(below  path)  guidance  lobe  must  be  tailored  to  provide  sufficient 
tui  lance  si  ) n a  1  with  a  minimum  illumination  of  the  ground,  and 
(2)  base!  on  a  typical  siting  location  (antenna  backset,  offset, 
and.  center  hei  jht  above  level  ground)  a  critical  angular  region 
must  be  defined.,  which  would  scatter  energy  into  the  glide  path, 
and  the  sidelobes  in  this  region  must  be  suppressed.  Each  of 
these  cons i de i at i ons  presents  a  particular  set  of  problems. 

The  lower  jui  lance  lobe  would  ideally  have  a  null  on  the  horizon 
m  order  to  minimize  illumination  of  objects  near  the  horizon. 

It  s'iouI  !  also  have  a  peak  amplitude  which  is  considerably  less 
thin  the  upper  gui  lance  lobe,  to  further  reduce  the  scattering 
from  objects  near  the  horizon.  At  the  same  time,  there  must  be 
suffi  'lent  energy  available  in  the  lower  guidance  lobe  to  provide 
the  repaired  below  pith  clearance  (fly-up  signal),  and  there  can 
be  no  angle  of  approach  for  which  an  aircraft  can  get  under  the 
fly-ap  signal  (no  false  course).  If  the  lower  guidance  lobe  is 
to  have  a  null  on  the  horizon,  and  the  normal  glide  path  angle 
is  1° ,  then  the  width  of  the  lower  guidance  lobe  will  be  3°. 

This  is  a  key  parameter  in  determining  over  all  array  length. 

The  desire  to  suppress  sidelobes  over  as  large  an  angular 
re  jinn  as  possible  must  also  be  carefully  examined.  Consider 
the  total  energy  ra  Hated  by  an  antenna  to  be  a  constant,  and 
iirectly  proportional  to  the  area  under  the  antenna  radiation 
pattern  curve.  Tf  particular  sidelobes  are  suppressed,  this 
enorjy  must  go  to  .in  increase  in  other  sidelobes,  such  that  the 
total  area  under  the  curve  remains  the  same.  These  increased 
••  l  !e  lobes  must  occur  at  angles  which  do  not  interfere  with 
achieving  quality  gui  lance.  For  an  array  of  N  elements,  only  N 


m 


points  on  the  radiation  pattern  may  be  independently  specified. 
Hence,  increasinq  the  reqion  of  suppressed  sidelobes  would 
require  increasing  the  number  a  radiators  and  would  also  result 
in  very  large  sidelobes  at  other  angles. 

Another  very  important  initial  consideration  is  that  the 
radiated  SBO  field  must  be  real.  This  means  that  the  SBO  must 
be  in  phase  with  the  CSB.  An  extensive  analysis  of  the  effects 
of  a  juadrature  component  of  SBO  phase  was  performed  and  reported 
in  FAA- RD- 72-139,  "Analysis  of  Instrument  Landing  System  Glide 
Slope  Broadside  Antennas".  This  "real"  requirement  on  the  SBO 
fiel  i  places  limitations  on  the  technique  used  to  synthesize  the 
iperture  distribution. 

2.1.2  Dote rmi nat ion  Of  Key  Radiation  Parameters 

In  order  to  jenerate  antenna  patterns  consistent  with  the 
above  goals,  a  synthesis  technique  was  used.  Several  techniques 
were  investigated,  including  the  popular  Schelkunoff  Polynominal 
and  a  very  precise  discrete-continuous  approach  developed  by 
Westm ghouse.  The  Schelkunoff  Polynominal  method  is  relatively 
simple  to  implement  but  does  not  assure  real  SBO  radiation 
fields.  Even  an  error  as  small  as  ♦  10°  can  produce  distortion 
in  some  receivers.  As  a  result.,  its  application  in  the  design 
of  the  Redlich  Array  required  the  use  of  a  special  feed  system 
in  order  to  achieve  broadside  CSB  and  SBO  fields  in  phase.  The 
approach  used  on  this  program,  referred  to  as  a  continuous- 
discrete  synthesis,  is  based  on  the  low  sidelobe  Taylor  dis¬ 
tribution.  Its  key  feature  is  the  development  of  an  integral 
method  for  translating  the  resulting  continuous  aperture  dis¬ 
tribution  into  a  distribution  of  discrete  radiators.  This 
technique  is  described  in  Appendix  B  of  this  report.  The  two 
methods  are  compared  in  Table  2.1. 
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(Juan  t  i  ty 

Schekulnof  f 
Polynomi al 

Continuous 

Discrete 

Phase  of  SBO 

Pat  tern 

Deviates  From 

Zero  Up  to  ♦  10° 

Zero  Phase  Deviation 

Placement  of 

Rad i ators 

Rigidly  Uniform 
Spac i ng 

Optimized  Spacing 

Amp  lit  ude 

Pat  te  rns 

Essentially  Equivalent  Capability 

Mat hemat l ca 1 
Complex! ty 

Re  1 a t i ve 1 y  Simple 

Very  Sophisticated 

TABLE  2 . 1 

Comparison  of  Schekulnoff  and  Continuous 
Discrete  Approaches  to  Aperture  Synthesis 


This  technique  was  applied  to  apertutes  ranging  from  13  to 
22  wavelengths.  '’’he  results  are  anmari  7e  ’  in  ^aole  2.2,  which 
includes  a  6dB  coned  Compensated  Waveguide  for  comparison. 


TABLE  2.2 


A_r£aj^  Leri^td^  AnglcBelowThcHoruon 


0 

ol 

c 

| 

6° 

0 
<T*  1 

1_2 

Comp .  W /G 

65  ’ 

120 

7 

11 

2 

36 

1  3  A 

42  ’ 

218 

/5 

45 

45 

21 

19  A 

60  * 

42 

4  5 

4  5 

4  5 

7 

21  2 

65  ’ 

20 

45 

4  5 

4  5 

4  5 

22  * 

69  ’ 

8 

4  5 

4  5 

4  5 

4  5 

The  signal  strengths  are  given  in  equivalent  microamperes.  All 
of  these  arrays  are  capable  of  being  sited  within  500’  of  runway 
center  line.  The  computer  modeling  technique  was  used  to  predict 
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haw  each  of  the  above  would  perforin  over  a  variety  of  terrain. 

The  FAA  Technical  Officer  decided  that  in  order  to  achieve  CAT  II 
over  a  wi  le  variety  of  terrains,  the  new  array  could  be  as  long 
as  t he  Compensated  Waveguide.  Hence,  the  decision  was  to  1 ab- 
ricate  a  21  A  array.  The  final  array  lesign  is  21.75  A  long. 

The  number  o i  elements  is  determined  by  three  factors:  (1) 

minimum  for  cost,  (2)  as  required  to  synthesize  the  pattern, 
and  (3'  acceptable  mutual  coupling. 

The  mutual  coupling  factor  is  somewhat  nebulous  since  the 
-lose- in  'oup ling  li-creases  with  spacing,  distant  couplinq 
increases  with  s:  icing,  and  since  it  is  only  a  factor  to  the 
extent  that  it  is  not  predictable.  The  pattern  approximation 
places  more  specific  limits. 

For  an  intenna  with  N  elements,  N  points  on  the  pattern  may 
be  independently  sj.^cifi'  i.  The  rest  of  the  pattern  automatically 
follows.  If  the  i  lttem  has  a  mainlobe  with  nulls  and  is  not 
complex,  the  pattern  can  be  entirely  specified  by  the  peak  and 
N- 1  null  cations .  eng th  L ,  the  pattern  repeats  when  —  • 

sin  «  A  .  Therefore,  we  have  N  points  specified  over  a  region 

of  sin  £  that  is  '.'A  wide,  averaging  one  every  A  /L.  Thus,  for 

L 

i  jiven  len  ith  arrav,  there  are  a  fixed  number  2L  of  nulls  in 

X 

real  space,  independent  of  the  number  of  elements.  This  is 
depicted  in  Fi  jure  2-1. 

'onsi  ler  what  limits  the  number  of  elements.  Ordinarily, 
if  one  allows  grating  lobes  the  lain  suddenly  drops  anti  the 
impe  lance  jumps.  But  with  many  lobes  this  is  not  the  case. 
Insteal,  one  finds  it  harder  to  synthesize  the  pattern.  As  one 
reduces  the  number  of  elements  the  cycle  length  reduces  in 
length  at  the  same  rate  that  the  number  of  nulls  decreases,  so 
that  the  average  lensity  to  work  with  stays  the  same.  However, 
the  low  si  delobe  region  requires  a  nearly  fixed  number  of 
closely  space!  nulls  so  that  the  average  density  left  to  use 


Figure  z-l  Relation  Of  The  Number  Of  Nulls  As  A  Function  Of  Array  Length 


outside  of  this  region  falls  off. 
average  null  spacing  is 


Referring  to  the  figure,  the 


AN:' 


N  A  n.  ~  .21k 
N  -  10 


The  lobe  peak  lev’el  varies 
increased  spacing  leads  to 
int<  rest.  The  iraph  shows 
N.  II  1 1  is  required  that 
and.  the  peaks  to  be  no  root 
net  peak  level  is  lt>  JR . 


drastically  with  null  spacing  so  that 
a  high  level  outside  the  region  of 
the  approximate  variation  of  level  vs 
the  si  tie  lobes  be  at  least  2  4  dB  down 
e  than  40  dB  above  the  side  lobes,  the 
Fi  jure  2-2  shows  that  at  least  27 


element  ire  requi red . 


There  are  mechanical  advantages  to  building  the  array  in 
sections,  each  of  which  contains  the  same  number  of  radiatinq 
elements.  It  was  leci  led  to  build  the  array  in  seven  sections 
of  four  elements  each  for  a  total  of  28  elements.  Dipoles  were 
chosen  on  the  basis  of  mutual  coupling.  A  con t i nuous-di screte 
synthesis  program  was  performed  for  this  array  to  optimize  the 
far  field  radiation  pattern  and.  determine  an  initial  element 
excitati  n.  These  results  are  given  in  Figure  2-3,  in  which  a 

•  ■  th<  pen  ited  Waveguide.  '  |  iri 

of  these  ;  at terns  an!  their  effect  on  glide  slope  performance 
shows  the  following: 


A.)  The  width  of  the  lower  main  lobe  of  the  Dipole  Array  is 
considerably  narrower  than  the  9  dB  coned,  compensated 
wavegui  le.  Wa*-  this  -'<->nns  in  terms  of  glide  slope 
performance  characteristics  is  that  uneven  terrain  and 
hilly  terrain  derogation  effects  will  be  considerably 
reduced.  Since  the  radiation  in  the  region  of  2°  to 
4°  below  broadside  (♦  1°  from  the  horizon)  is  down  on 
the  average  by  15  dB  it  seems  reasonable  to  anticipate 
an  i  Jeal  reduction  in  derogation  due  to  hilly  terrain 
and  uneven  terrain  of  80*  to  85*  for  the  dipole  array. 

A  more  practical  number,  taking  into  account  fabrication 
tolerances  of  the  dipole  array,  would  be  a  70*  to  75* 
reduction.  Thus  at  a  site  where  uneven  terrain  or 
hilly  terrain  would  cause  bends  of  30^ua  with  a  9  dB 


- ® - 

conod,  compensated  waveguide  the  Dipole  Array 
should  have  bends  of  loss  than  9  Aua  (70*  reduction). 

B.)  In  the  critical  side  lobe  roqion  the  side  lobe  levels 
of  the  dipole  antenna  are  lower  than  the  9dB  coned, 
compensated  waveguide.  What  this  moans  in  terms  of 
jlide  slope  performance  is  that  at  tidal  sites  or  snow 
accumulation  sites  the  le rogation  effects  due  to 
varying  j round  height  will  be  loss  with  t  he  dipole 
array  than  with  the  9dR  coned,  compensated  waveguide. 
The  radiation  in  the  region  of  sidelobe  reduction  is 
lown  by  7dB  1  loally  an  i  more  practically  would  be  at 
leist  -J  IB  iown  with  the  iipole  array.  This  means  that 
tor  a  tidal  variation  of  9  feet  (such  as  LaCIuardia 
RW  22)  where  the  compensated  waveguide  antenna  ex- 
hi!  i  te  !  an  angle  change  of  ♦  .0  15°  the  dipole  array 
w  uilt!  have  a  maxim  in  angle  change  of  ♦  .02°. 

The  sidelobe  reduction  re  non  extends  over  a  greater 
range  for  the  iipole  array  than  for  the  compensated 
wavegui  it'.  Thi'.  means  that  the  dipole  array  would 
be  less  susceptible  to  derogation  due  to  very  rough 
terrain  (such  as  drainage  iitches)  close  in  to  the 
intenna.  There  has  not  been  verv  much  data  on  the 
effect  of  rough  terrain  very  close  to  the  waveguide 
although,  at  I.yneht  i  r  j ,  the  CiB  and  9dB  coned, 
■onpensate  !  waveguide  antenna  performed,  within 
AT  II  limits  except  for  the  flare  due  to  coning  with 
less  than  100  feet  of  flat  pound  in  front  of  it.  It 
is  expected,  that  the  iipole  array  would  need  about 
200  feet  of  relatively  smooth  ground  in  front  (or  a 
complete  lack  of  ground)  so  that  the  high  sidelobes 
out  past  the  critical  region  will  not  cause  derogation. 
It  shoul  i  lie  mentioned  that  the  terrain  need  not  be 
flat  or  i  rated  but  rather  severe  d  i  s  con  1 1  nui  t  i  es  such 
is  drainage  iitches  or  nan  made  structures  should  be 
avoi  led  within  this  lose-in  region. 

D.)  There  is  another  significant  advantage  that  is  not 
apparent  by  comparing  the  antenna  patterns  and  that 
is  the  elimination  of  the  flare  due  to  coning.  By 
proper  focusing  of  the  dipole  broadside  array  there 
is  virtually  no  flare  that  exists  while  for  the 
coned,  compensate!  wavegui  le  this  flare  can  be 
si  ini f icant  and  many  times  would  preclude  CAT  II 
performance . 


2-1 1 


2.1.3  Focusing  For  Improved  Near  Field  Performance 

The  antenna  has  been  computer  modeled  over  an  infinite  flat 
ground  and  fly-ins  have  been  run  for  this  case.  Figure  2-4  shows 
the  results  for  a  fly-in  at  an  unfocused  antenna.  There  are  two 
graphs  on  the  figure,  the  one  marked  “red"  includes  the  effect 
of  the  ground  while  the  other  curve  includes  only  the  radiation 
from  the  antenna  itself  neglecting  the  effect  of  the  ground. 

The  lifference  between  the  two  is  due  to  energy  re-radiated  from 
the  jrouni  which  has  been  illuminated  by  the  sidelobes  of  the 
antenna  pattern.  The  close  correspondence  V  A  )  between  the 
two  is  a  !i rect  indication  of  the  effectiveness  of  the  low  side- 
lobes  in  reducing  le  rotation. 

As  can  be  seen  from  this  figure  a  significant  .amount  of 
fly-down  signal  occurs  within  2000  feet  of  threshold.  This  is 
lue  to  null  de focusing  in  the  near  field  and  is  a  common  problem 
with  arrays  that  have  non-symmet ri cal  SBO  antenna  patters  (the 
Thomson-CSF  array  described  in  a  report  entitled  "Special  Glide 
Path  Antenna"  lias  a  similar  defocusing  effect  and  the  Redlich 
Aerial  also  had  a  defocusing  problem)  . 

There  are  two  basic  methods  that  could  be  used  to  correct 
f  r  near  fiel  1  defocusing  of  a  linear  array:  (1)  electronically, 
by  modifying  the  phase  of  the  array  elements,  and  (2)  mechanically, 
by  curving  or  bowing  the  array  structure. 

In  focusing  electronically,  typically  the  phase  of  the 
elements  from  the  center  to  both  ends  are  increnentel  from  their 
nominal  values  in  such  a  fashion  that  the  phase  front  in  any 
plane  containing  the  array  is  an  arc  of  a  circle.  The  radius  of 
this  circle  is  the  focalization  distance.  The  Thomson-CSF  array 
utilize!  electronic  focusing  at  a  distance  of  1000  meters.  There 
is  a  major  lisadvantage  to  this  kind  of  focusing:  exact  focusing 
occurs  at  only  one  point  along  the  approach  path.  This  occurs 
due  to  the  fact  that,  with  electronic  focusing,  the  locus  of 
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points  which  are  in  focus  is  a  circle  with  radius  equal  to  the 
f  oca  1 1  7.  at  i  on  listance  and  center  at  the  array  center.  Referring 
to  Figure  2-5,  it  can  be  seen  that  exact  focusirii  will  occur  at 
only  one  point  alonj  the  array.  As  mentioned  previously  this 
type  of  focusinj  is  used  on  the  Thomson-CSF  array  and  it  still 
hi:  i  lo  focusing  or  loss  of  null  close-in  in  spite  of  the 
electronic  focusing. 

Me  hanical  focusing  i  ■;  ichievcd  by  curving  or  bcwinq  the 
iriay  structure  in  i  circular  arc.  The  locus  of  points  which 
are  in  focus  is  a  sttai  iht  line  through  the  center  of  the  circle, 
perpendicular  to  the  circle  (see  Figure  2-6).  The  focal  dis¬ 
tance  is  equal  to  the  radius  of  the  circle.  For  a  linear  array, 
t  .  ;t ru  lure  could  be  curved  sideways,  forwards  or  some  combin- 
it  ion  '  the  two.  Fi  nire  2-  ;  shows  the  si  !e  an  1  forward  focused 
mode,  ind  their  effect  in  an  I LS  q  1 1 do  slope  application.  As 
can  be  seen  from  Figure  2-  the  only  mode  that  allows  for 

focus i n  i  at  all  points  alon  j  the  approach  would  bo  the  sideways 

foe. structure.  The  other  modes  of  mechanical  focusing  allow 
only  a  single  point  of  focus  aloni  the  approach  path.  Thus  these 
wo  ild  s u f lei  ‘ rom  the  same  deficiency  that  electronic  focusing 
has,  i.e.,  a  loss  of  juidance  null  in  the  near  field.  Thus 
■  ;  low  ays  mechanical  focusing  is  being  used  for  the  I  ij  b 
:>  •  >  ids  :  :•>  u  r  ay  . 

The  mechanical  focusing  will  be  accomplished  by  inserting 
we  lies  between  each  sect  ion  in  the  array.  This  is  the  same 
techni  pue  that  was  successfully  used  to  make  far  field  measure¬ 
ments  of  the  modified  wave  juido  antenna  at  the  Westinqhouse 
antenna  ranje.  The  nominal  focal  distance  will  be  500  feet 

although  it  will  be  possible  to  alter  this  by  changing  the 

wedges  only.  In  addition,  the  antenna  will  be  able  to  be  side- 
focused  to  either  side  by  reversing  the  wedges  in  the  structure. 

Figure  2-B  shows  the  results  for  a  fly-in  with  wedges  used 
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Figure  2-a  Results  Of  Mechanical  Focusing 


Figure  2-7  Modes  Of  Mechanical  Focusing 
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1  Tjr«’  2-8  Fly-In  Over  Infinite  Flat  Ground  -  Antenna 
Focasf’  i  500'  s.  Offset  500' 


to  side-focus  the  antenna.  The  focal  distance  and  antenna  offset 
are  both  500  feet.  Comparison  with  Figure  2-4  shows  a  complete 
correction  of  the  near-field  defocusing  or  loss  of  null. 

Fi  jures  2-9,  2-10,  and  2-11  give  similar  results  but  for  antenna 
offsets  of  400  feet,  600  feet  and  700  feet  respectively.  It 
appears  that  in  order  to  keep  the  defocusing  flare  due  to  offset 
changes  to  under  25  ua,  the  antenna  offset  whould  be  within 
♦  200  feet  of  the  focal  distance. 

2.1.4  Mutual  Couplini  Analysis 

The  controllinj  factor  in  the  dipole  broadside  array  design 
was  the  si  ielobe  level  in  the  an gulur  region  below  the  main 
beam.  The  effects  of  tolerances,  mechanical  and  electrical,  will 
be  1 1  s  •visst-  3  elsewhere.  To  complete  the  design  in  a  thorough 
manner  requires  an  accounting  of  the  effects  of  mutual  coupling. 
Mutual  coupling  causes  changes  in  the'  element  impedance  and 
pattern  that  can  brini  about  rather  setious  disturbances  in  the 
array  performance  if  not  properly  included  in  the  array  design. 

Because  of  the  nature  of  the  changes  caused  by  mutual 
coupling,  the  effects  must  be  found  early  in  an  array  design 
an!  factore!  with  the  pattern  synthesis.  The  design  procedure 
used  luring  the  dipole  array  program  did  this  in  the  following 
manne  r : 

1.  An  element  was  selected  that  exhibits  minimum 
mutual  couplinq  effects  -  the  dipole. 

2.  Mutual  coupling  analysis. 

3.  Measurements  were  made  on  an  array  of  these 
elements  to: 

a.  Evaluate  means  of  further  reducing 
intercoupl ing. 

b.  Measure  the  change  in  element  pattern 
shape  for  both  center  and  edqe  elements. 

c.  Match  the  element  to  space. 
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Figure  2-9  Fly-In  Over  Infinite  Flat  Oroun 
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Figure  2-10  Fly-In  Over  Infinite  Flat  Ground  - 
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Figure  2-11  : ly-In  Over  Infinite  Flat  Ground  - 

Antenna  Focused  r 10 '  i  Offset  700' 


Factor  the  element  patterns  into  the  pattern 
synthesis  to  evaluate  changes  necessary  in  the 
illumination  excitation. 


4  . 

'j .  Design  a  directive  power  divider  network  to 
produce  the  required  array  excitation. 

This  program  was  oi  janized  to  answer  three  questions: 

*  What  is  the  effect  of  mutual  coupling? 

*  What  can  be  done  to  minimize  this  effect? 

*  What  shoul  !  be  lone  to  the  array  iesi  in  to 
account  for  mutual  coupling? 

Mutual  coupling  affects  the  impc  lance  of  the  array  elements 
an!  the  element  patterns.  These  effects  lifter  lepenling  on  the 
element  environment ,  i.e.,  is  it  an  edge  element  oi  a  center 
element?  Both  of  these  effe  ts  can  be  evaluated  by  measuring  the 
element  pattern  and  element  impedance  in  the  presence  of  other 
elements.  To  perform  these  measurements,  an  array  several  wave- 
>  wavelengt  li  1 1 .  Patterns  of  edge  e leme.  • 

and  center  elements  were  measured  with  all  elements  terminated 
in  a  loa  1  except  for  the  element  under  test.  The  measured 
element  patterns  were  then  factored  into  the  pattern  synthesis 
program.  An  analytical  effort  was  performed  in  conjunction 
with  the  element  measurements  to  provide  a  guide  to  the  measure¬ 
ments  and  to  allow  ieeper  insight  into  the  intercoupling 
me  han i sm. 

Having  obtained  and  verifiol  the  element  patterns,  this 
information  was  then  used  in  the  array  pattern  synthesis.  The 
synthesis  now  reflects  the  true  pattern  shape,  and  the  aperture 
excitation  can  now  be  adjusted  to  achieve  the  desired  array 
patte  rns . 

The  key  to  this  entire  effort  is  the  design  of  the  power 
divider  network  that  distributes  power  to  the  radiating  elements. 
The  analysis  and  the  measurements  were  based  on  a  matched  element. 
Or  to  put  it  another  way,  the  energy  coupled  into  an  element 
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f rom  adjacent  elements  must  be  absorbed  so  that  it  cannot  reflect 
and  reradiate.  The  power  iivides  network  uses  directive  couplers 
as  the  means  of  dividing  the  power.  Thus  each  element  is  isolated 
within  the  power  divider  network  and  reflections  or  coupled 
ene:  jy  is  .lbsorbe  !  in  the  directive  coupler  loads .  None  will  be 
retaliated  nor  will  any  reach  the  antenna  input  and  appear  as  a 
high  VSWR. 

The  an  ty  that  was  ise  i  to  measure  the  effects  of  mut  ual 
•ouplini  was  also  use  i  to  evaluate  means  of  reducing  these  mutual 
effects.  Various  nnfi  jurat  ions,  were  considered.  The  most 
promising  were  to  place  a  metal  livider  between  elements  or  to 
place  parasitic  strips  between  the  elements.  The  latter  was 
incorporated  into  this  an  »y . 

2.1.  Keel  An!  Distribution  Systems 

This  antenna  system  was  re jui red  to  operate,  with  no  special 
tuning,  anywhere  in  the  ILK  uli  le  slo|  "  bind.  This  represents 
a  total  >pei  iting  bandwi  1th  o’.  2*  ,  relatively  strew  in  terms  of 
broadban  !  antennas,  but  iifticult  in  this  g  plication  due  to  the 
very  criti  il  pattern  r<  juiremonts.  .everal  approaches  were 
investigate  1 ,  with  the  final  choice  being  an  equal  line  length 
(or  constant  t  l  mo  lelay)  system. 

Mairif act uri ng  tolerances  an  1  frequency  characteristic." 
were  lnvosti  jated  by  pert  irbing  the  excitation  and  plotting 
rah  it  ion  patterns.  Tolerances  of  4  of  phase  and  0.6  .IB  were 
found  acceptable.  Tests  of  several  units  showed  that  by  using 
convontion.il  mirrost  rip  construction,  these  tolerances  could  be 
held  with  Wilkinson  hybrids  and  Schiffman  phase  shifters.  As 
iiscussed  in  Section  2.1.4,  the  amplitude  distribution  is 
accomplished  via  directional  couplers  in  order  to  surpress 
mutual  coupling. 

There  is  a  separate  equal  line  length  corporate  feed  for 
the  CSB  and  bBO.  Schematics  are  oiven  in  Figure  2-12  for  the 
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'SB  an!  Figure  2-13  for  the  SBO .  The  electrical  hook  up  is 
shown  in  Figure  3-39.  The  system  is  fabricated  in  seven  sections, 
each  of  which  feeds  four  dipoles  and  is  mounted  on  that  particular 
antenna  section.  There  are  separate  feeds  for  CSB  and  SBO,  with 
these  si  mals  being  combined  -just  prior  to  the  dipole  radiator. 

Fi  jure  2-14  shows  one  section  of  the  distribution  system  opened 
a;.'.  The  final  excitation,  as  optimized  on  the  antenna  range, 
is  jiven  in  Table  2-3  for  both  the  CSB  and  SBO.  Proper  perform- 
an  v  re juires  that  the  relative  SBO  to  CSB  input  amplitude  be 
adjusted  on  r he  transmitter  as  determined  by  flight  check 
me  inurements  of  the  course  width,  and  that  the  CSB  and  SBO  be 
in  phase  at  the  antenna  input. 

2.1.'  Antenna  Performance  As  A  Function  Of  Terrain 

The  1  ipole  B  roaiy  i  !e  Array  has  been  desi  med  to  be 
relatively  independent  of  terrain.  However,  severe  ground 
irregularities  an!  sloping  i round  can  affect  it  to  some  extent. 

It  is  necessary  to  determine  the  allowed  limits  of  these  factors 
in  order  to  ieveloj  a  criteria  for  judging  the  suitability  of  a 
site  ant!  also  to  letermine  the  extent  of  site  preparation  that 
nay  be  required. 

In  order  to  lain  some  insijht  into  the  area  of  the  antenna 
.  itc  which  will  be  most  sensitive  to  ground  irregularities,  the 
: round  currents  nrisini  from  the  SBO  pattern  were  investigated. 

F i jure  2- IS  shown  jrouni  currents  as  a  function  of  distance  from 
the  antenna  for  an  antenna  height  of  50  feet.  Figure  2-16  com¬ 
pares  the  iround  current  !ue  to  antenna  heights  of  50  feet  and 
3r>  feet.  Both  figures  indicate  that  the  crucial  area  lies 
within  400  feet  of  the  antenna.  Figure  2-17  is  a  sketch  of  a 
typical  antenna  site  with  the  antenna  offset  500  feet  and  backset 
100  feet.  The  antenna  height  is  50  feet  which  gives  a  TCH  of 
55  feet.  A  4"i0  foot  radius  circle  is  drawn  al  >ut  the  antenna  to 
show  the  area  of  high  ground  current.  The  rectangles  represent 
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Fi jure  2-14  Distribution  Panel  For  One  Antenna  Section 
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Figure  2- IS  SBO  Ground  Currents 
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the  20th  Fresnel  Zones  for  five  ranges. 

It  has  been  established  that  ground  irregularities  outsi  !e 
the  20th  Fresnel  Zone  for  a  given  range  will  have  virtually  no 
e  •  feet  n  the  PPM  it  that  range.  This  fi  jure  an!  the  jround 
current  information  should  help  predict  the  behavior  of 
eei  f  i  cal  ly  locate  !  ground  1  r  re  jular  1 1  ies . 

\  30  foot  square  void  or  hole  was  the  first  surface 
irregularity  to  be  investigated.  Figure  2-18  sh  ws  three  fly- 
ins  with  the  effect  of  a  void  located  100  feet,  200  feet  and 
120  feet  in  front  of  the  antenna.  This  Fi  jure  com;  ares  favorably 
wit!  the  rrounl  current  information  which  indicates  that  current 
falls  off  between  200  and  300  feet  and  has  reached  a  minimum  at 
listan  -es  jreater  than  400  feet.  The  DDM  in  Fi  jure  2-18  for  the 
v  :  1  it  300  feet  is  still  very  good  which  indicates  the  imj>ortance 
of  the  low  si  !e  lobes  in  reducing  jroun  !  currents  and  thereby 
minimizing  the  effects  of  unwanted  reflections.  The  PPM  lue  to 
the  voi  1  at  200  feet  is  greater  than  the  '.DM  lue  to  the  void  a* 

100  fee t.  This  makes  sense  if  one  examines  the  ground  current 
in  Fi  jure  2-15  which  shows  that  the  ground  currents  near  200  feet 
ire  jreater  than  those  at  100  feet.  On  all  these  curves  in 
Fi  :  ;re  2-1R,  the  voids  have  very  little  effect  on  DDM  near 
threshol  !  and  this  is  because  the  voi  Is  lie  outside  the  20th 
Fresnel  Zones  when  the  aircraft  is  close  to  threshold.  The 
curves  in  Figure  2-18  are  perturbations  about  the  fly-in  due 
ly  to  lirect  radiation.  No  image  radiation  wa 
order  to  isolate  the  effect  of  the  voids.  Figure  2-19  shows 
the  lirect  only  fly-in  .and  the  direct  and  image  fly-in.  The 
lirect  fly-in  is  practically  zero  microamps  at  all  points  so 
the  DDM  in  Figure  2-18  is  due  almost  entirely  to  the  presence  of 
the  voids. 

It  is  necessary  to  determine  the  effect  of  rough  ground  on 
antenna  performance  to  establish  a  criteria  for  the  severity  of 
the  roughness.  The  allowed  roughness  will  depend  on  position. 
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In  other  wot  is,  iround  irregularities  in  certain  areas  will 
leteriorate  antenna  performance  more  than  the  same  ground 
irrequlari * ies  in  another  area.  It  is  obvious  that  the  ground 
in  ierneath  the  tntenna  will  have  to  be  smoother  than  the  ground 
one-thous  ml  feet  from  tlie  antenna.  The  problem  is  to  find  the 
ill  wit  le  iigree  of  roughness  for  various  sections  of  ground. 

The  ij‘.  jround  can  be  modeled  by  assuming  that  the  terrain  is 
"1*le  i;  ’i  ."  ill  rectangular  plates  whose  height  above  or  depth 
—  in  I  level  approximates  the  rough  ground. 

■h  ne  .'-20  show  how  tins  would  be  ione  for  a  typical  cross- 
*t  1  on  '  iround.  The  size  f  the  plates  has  been  chosen  to 

•  '  e*  •  s  juare.  The  degree  of  ground  roughness  can  bo  de¬ 

ls  :  mini  a  limit  to  the  deviations  of  hoi  jht  and  ie-dh 
'  t  >m  .'o!  >.  These  deviations  from  zero  are  assumed  to  occur 
>'■  :  iin:  to  i  normal  or  '.aussian  listribution  with  9 5 *  of  the 
ievi.it:  in.  lying  between  the  limits.  This  is  also  illustrated 
in  Fi  jure  -  .?0  . 

The  as  .1  jnment  of  a  •  articular  deviation  to  a  specific 
late  is  done  randomly.  Ideally,  the  entire  qround  can  tie 

ie  !  in  this  fashion  and  limit:;  ot  iround  deviations  estab- 
1.  die  i  by  runnim  fly-ins  for  various  ground  deviation  limits 
i  making  -ertain  the  fly-ins  meet  Category  II  specifications. 

H  wever,  istronomical  computer  times  are  accumulated  in  modeling 
.  h  lar  !»*  areas  close  to  the  antenna.  In  the  past,  fly-in  curves 
hive  been  -il  -ulated  using  53  data  points.  If  a  200  foot  by  200 
foot  section  of  ground  were  broken  up  into  1600  five  foot  square 
li?<  *d',<  approximate  computer  time  would  be  .about  12800  seconds. 

•Mso,  everal  of  these  runs  would  be  necessary  to  give  the  required 
format  ion  on  iround  sensitivity.  By  usinq  only  six  points,  the 

*  o  mid  be  re  luced  by  about  90'  per  run.  Another  possible 
reduct  n  in  time  could  be  realized  by  using  an  approximation 
to  •  ,e  calculation  on  the  radiation  reflected  from  the  plates. 

Th  ;  r.  prox  i  "»at .  on  would  be  valid  if  the  plates  were  at  large 
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ti  stances  f  rom  the  antenna.  ’.'his  approximation  turned  out  to  be 
very  complicated  and  it  di  !  not  work. 


: nee  modeling  of  the  entire  area  around  the  antenna  is 
infeasible,  the  are  a  which  are  the  most  sensitive  to  giound 
toughness  ,h>al  i  be  determined.  The  ate.i  jf  large  ground 
ur rent:,  has  previously  been  estai  1  i shed  to  lie  within  a  t  idius 
t  20:  feet  of  the  antenna.  This  current  irops  off  to  a 
minim  im  at  »  radius  of  100  feet. 

"he  aircraft  pos i * i  and  the  radi at or  position  define  a 
;  net  t  i  reflection  point  on  *  .he  noun!.  Thi  ■  is  the  point 
where  i  line  from  the  ail  -raft  t  the  image  radiator  intersects 
the  ::  un  !  plane.  Figure  2-21  ihows  the  angular  variati  n  in 

plate . 

thi:  plate  is  locate!  10,  0  feet  Iron  the  antenna  the  path  *>f 
*!,<  •  n-.imur  reflecte  !  energy  make  i  ".mull  angle  with  the  plate, 
.hi  i  evi  lent  in  Fi  jure  2-21.  Ten  iogree:  above  this  point 
*:.  energy  drops  above  2  '•  IB.  Mso,  as  the  receiver  is  moved 
r  if  the  y  -  z  plane  the  energy  is  again  ri  luced.  This  means 

*  i*  *he  maximum  effect  o!  a  sguare  plate  is  localized  to  a 

pace  defined  •  id  an  Ma  ,  il  the 

i-eivei  is  n  t  at  the  ;  ont  i  f  maximum  reflected,  enerjy,  then 
*  i  i  rejion  of  space  where  the  reflected  energy  varies 

•  at  i  1 1  y  with  -.mall  char  jes  in  mgular  position  with  respect  to 
•h<  plate.  One  must  be  careful  to  sample  the  energy  at  ground 
point  s  over  a  small  rnou  |h  soli  !  mile  to  ensure  that  at  least 
on*  of  the  measure  !  points  is  reasonably  close  to  a  peak  in  the 
reflected,  pattern.  This  i  s  to  make  sure  the  maximum  effect  of 
the  j  1 itr  is  calculated  so  that  worst  case  conditions  can  be 
invest i fA ted. 

If  the  antenna  pattern  were  constant  the  most  sensitive 
ire  m  1  woul  1  be  the  area  ab  ivr  the  qeometrical  reflection 
points.  However,  it  is  not  constant  so  some  method  of  probing 
•he  irou.n  !  would  tie  helpful  in  establishing  the  locat  ion  of  the 
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s  ’  lensi  ti  ve  ground.  Figure  2-22  shove  the  location  of  ten 
30‘  x  30'  voids  whose  effect  on  the  infinite  flat  plane  fly-in 
were  individually  calculated.  The  results  are  shown  on  Figure 
2-23  superimposed  on  a  blowup  of  the  infinite  flat  plane  fly-in. 

The  lata  was  taken  for  six  range  points:  0,  1,000,  2,000,  3,500 
and  2,500  feet.  The  only  piobe  points  which  had  any  noticeable 
effect  wore  numbers  5  and  7.  Void  5  is  in  the  reflection  point 
ri1  non  (shaded  area)  and  it  also  lies  along  a  line  flora  the 
intenna  to  the  2,000  foot  ran:-*  t  ont.  So  the  maximum  effect 
of  that  void  is  felt  at  the  2,000  foot  range  point  and  it  is 
ne  micro- amp.  This  indicates  that  low  ground 
current  areas  have  little  effect  even  if  they  lie  in  the  reflection 
point  area.  Void  1  al:;.-  lies  in  the  reflection  point  area  but 
it  is  only  220  feet  from  the  antenna.  This  places  it  in  a  fairly 
hi  jh  )  round  current  iroa  uni  V  :  i  7  will  have  its  lar  jest  effect 
it  the  1,000  foot  range.  In  this  aso  ,  there  is  a  significant 
change  in  DDY  o  areas  if  hi  ;h  j round  current  are  sensitive 
r  no  t  t  l  •  Lecl  n  area. 

5  has  virtually  no  effect  at  the  1,000  foot  range  and  very  little 
eff<  t  at  the  2,000  foot  ranee.  This  ir.  iicates  the  localization 
f  the  effect  of  a  voi  i  and  will  permit  the  effect  of  a  small 
irea  t  i  lie  extrapolate  !  tr  the  ef  fect  of  a  large  area,  although 
the  computer  cost  may  bo  prohibitive. 

It  has  been  established  that  the  effect  of  the  reflected 
energy  from  a  square  plate  is  localized  in  a  region  of  space 
defined  by  a  small  solid  angle.  The  size  of  this  region  can  be 
estimate!  by  comparinq  Figure  2-18  and  Figure  2-24.  The  curves 
in  Figure  2-18  are  the  fly-ins  obtained  with  30’  x  30*  voids 
placed  100  feet,  200  frr t  and  300  feet  directly  in  front  of  the 
antenna.  The  effect  of  these  plates  has  diminished  almost 
entirely  by  the  time  the  aircraft  has  reached  the  2000  feet  range 
point.  Figure  2-24  shows  the  angle  swept  by  the  line  from  the 
plate  to  the  aircraft  as  the  aircraft  approaches  threshold. 
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igure  2-24  Angle  Fron  Scattering  Voi  J  To  Aircraft  At  Various  Ranros 


When  the  aircraft  is  2000  feet  from  the  threshold  it  has  swept 
through  an  angle  of  about  15  degrees.  Figure  2-25  shows  the 
variation  in  the  X-Y  plane  of  the  energy  reflected  fron  a  plate 
that  is  located  directly  in  front  of  the  antenna.  A  sweep  of 
15  degrees  from  the  Y-axis  corresponds  to  about  a  30  dB  reduction 
of  reflected  power.  This  means  that  the  major  effect  of  a  specific 
plate  on  a  fly-in  will  occur  over  an  interval  of  range  values 
determine  i  by  this  ♦  15°  arc.  rhis  can  be  seen  in  !'i  jure  2- 2H. 

The  size  of  this  interval  depends  upon  the  position  of  the 
moiele  !  area.  Areas  directly  in  front  of  the  intenna  will  have 
the  jreatest  cumulative  effect  upon  the  !ly-in  since  the  affected 
fly-in  interval  will  extend  to  infinity.  Areas  between  the 
a;;  roach  path  and  the  antenni  will  affect  mailer  intervals  of 
the  fly- in. 

At  some  sites,  sloping  ground  over  a  largo  area  may  be 
encountered.  Both  ups  lopes  and  iownslopes  were  investigated  an! 
Figure  2-2'  illustrates  the  meaning  of  these  terms.  Figures 
2-28  and  2-29  show  the  effect  of  various  upslopes.  An  upper 
limit  tot  Category  IX  performance  would  it  Pigur* 

2-30  and  2-31  show  the  effect  of  vaiious  downslopes.  An  upper 
limit  for  C.Ue  iorj-  II  performance  would  be  between  2*  and  3°. 

The  intenna  is  more  sensitive  to  ups  lope  than  downs  lope  because 
is  the  ups  lope  increases,  the  ground  at  large  ranges  become! 
illuminated  by  the  main  lobe.  However,  as  the  downslope  increases, 
the  DDM  will  not  deteriorate  until  the  high  side  lobes  begin  to 
be  reflected  into  the  path  of  the  aircraft.  As  downslope  in¬ 
creases,  derogation  of  the  DHM  should  occur  first  at  short  range. 
This  is  borne  out  by  the  .3C  lwnshopo  curve  in  Figure  2-31.  It 
should  be  mentioned  that  the  sloping  ground  as  modeled  begins 
it  the  antenna  position  and  as  such  would  represent  a  worst  case. 
Much  greater  ground  tilts  could  be  tolerated  if  the  sloping 
rroun  1  occurred  past  300  or  400  feet  from  the  antenna  site. 

For  many  problem  sites,  the  primary  terrain  feature  is  an 
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Fi 7ure  2-25  Energy  Scattered  By  A  Plate  Directly  In  Front  Of  The  Antenna 


Figure  2-27  Definition  Of  Sloping  Ground 
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Figure  2-30  The  Effect  On  Fly-In  For  Various  Down  Sloping  Grounds 
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abruptly  torminiStf'  ’.  }  round  plane.  This  could  arise  if  the  runway 
is  situated  upon  a  plateau  or  large  embankment  or  in  mountainous 
regions.  In  the  case  investi  jatel,  the  edge  of  an  infinite  half¬ 
plane  was  pe rpemlt cular  to  trie  runway  centerline  and  placed  at 
vari  )u:‘.  distances  in  front  of  the  antenna.  Por  the  first  series 
of  j :  aphs ,  the  antenna  was  oft  set  r'00  feet  and  backset  100  feet. 
The  center  of  the  antenna  was  4‘) .  7(,  feet  above  the  ground  and 
this  established  i  threshold.  Tossing  height  of  55  feet.  Figure 
J- 12  shows  fly-inr.  for  four  edge  distances.  It  has  been 
prevu  isly  ratal  lished  that  the  j  round  currents  for  an  antenna 
height  of  50  feet  !o  not  begin  to  diminish  until  one  has  reached 

i  point  200  feet  in  front  of  the  anti-nna  and.  become  negligible 

it  about  100  feet  in  f  i  ont  of  the  antenna.  One  would  expect  an 

ed  ie  1  it  e  i  200  feet  or  less  in  front  of  the  antenna  to  have  a 
significant  effect  upon  antenna  j  '•rfomance  and  Figure  2-12  does 
sh  v  th  it  the  transition  from  unaccept  ab  le  to  acceptable  antenna 
perfoman  *e  occurs  for  an  e  ige  located  between  200  and  300  feet 
in  front  of  the  antenna.  If  the  edge  is  placed  directly  under 
•he  mtenna  th*' re  will  b*-  no  lnajo  contributions  and  no  edge 
'.if fraction  contributions.  As  one  can  see,  the  curve  does  show 
th  it  it  is  t  ractically  zero  over  the  whole  range.  Figure  2-33 
is  an  exp  an  dr  1  scale  version  of  Figure  2-32  with  range  values 
from  threshold  to  3000  foot. 

Fi  pure  2-3  4  is  a  more  detailed  investigation  of  edges 
locate  !  between  200  and  300  feet  in  front  of  the  antenna.  It 
i:  poars  that  the  edge  will  have  to  be  at  least  300  feet  in  front 
of  the  antenna  to  imiure  acceptable  results.  Figure  2-35  is  an 
expan  led  version  of  Fiiure  2-34. 

If  the  offset  and  T.C.H.  are  maintained  and  the  antenna  is 
moved  bacX  from  threshold  the  antenna  height  will  decrease. 

If  it  is  moved  back  310  feet  from  threshold  the  antenna  center 
will  be  38.75  feet  above  the  ground  and  the  bottom  radiator  will 
be  about  8  feet  above  the  jround.  This  giver,  sufficient  clearance 
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for  snow  accunuLition  and  is  about  the  minimum  usable  antenna 
height.  The  next  set  of  graphs  are  for  this  antenna  position. 
Shorter  half-plan*  >  should  be  possible  since  a  smaller  area  of 
ground  is  illuminated  by  the  high  sidelobes  of  the  pattern. 

Figure  2-36  shows  a  fly-in  with  an  edge  at  threshold  and  an  edge 
directly  beneath  the  antenna.  Since  the  threshold  is  310  feet 
from  the  antenna,  the  e  i  je  will  not  be  heavily  illuminated  so 
antenna  performance  should  be  good.  Also,  an  edge  beneath  the 
antenna  should  nve  an  ideal  fly-in.  Fi  iure  2-3'  shows  fly-ins 
for  edges  located  200,  225  ,  2r'f>,  275  and  300  feet  in  front  of  the 
antenna.  f^ince  the  antenna  is  lower,  these  curves  should  be 
light!  bettei  I  i  . .  * i  wn  Figure  2- 34 . 

ire  .  ereion  f  ire  2- 37 .  rhi 

lemons  t  rib's  that  the  :  ipole  Broadside  Array  can  operate 
successfully  at  sites  with  very  short  truncated  iround  planes 
where  conventional  ILS  will  not  work. 

.’.2  Mi:  HAN  I  AI.  TON  K I  '.'•RATION'  AND  ASSEMBLY 

The  antenna  assembly  is  made  up  of  7  separate  sections 
each  >:  which  is  110.48  inches  long,  34  inches  wide,  and  9 

ich  section  weight  approximate ly  200  lbs.  The 
assembled  antenna  length  is  64'-  5  1  2".  The  antenna  walls  are 
fabricate!  from  .06  2  inch  aluminum.  Each  section  is  terminated 
in  extruded  structural  aluminum  anile  for  connecting  the  sections 
together.  The  antenna  elements,  four  of  which  are  located  in 
e  i  h  antenna  section,  are  inbedded  in  foam  in  order  to  give  the 
..it  nudity  an!  to  eliminate  air  in  the  cavity  which  could 
be  me  m  i st are  la  ion.  There  are  no  wall  spacing  adjustments 
ne  es-  iv,  since  the  antenna  is  designed  to  operate  throughout 
the  jli  !o  s  1  ope  frequency  band. 

Access  into  each  f  the  antenna  sections  is  provided  by 
aluminum  cover  panel  which  are  removable  even  with  the  antenna 
i.se-i  led  m!  erected.  The  following  parairaphs  briefly  describe 


2-56 


the  antenna  assembly  and  erection  procedure. 


2.2.1  Antenna  Siting  And  Site  Preparation 

The  dipole  broadside  antenna  may  be  sited  on  either  side 
of  the  designated  ITS  runway  with  primary  consideration  given 
to  parallel  taxiways  and  aircraft  movement  in  front  of  the  glide 
slope  location.  The  lateral  placement  of  the  antenna  from  the 
runway  centerline  must  comply  with  the  lateral  offset  criteria 
in  FAA  Order  6750. 16A.  rhi  lis t&no  .  i  function 
of  antenna  hei  iht  but  may  not  be  less  than  250  feet  from  the 
runway  centerline.  The  antenna  in  its  present  configuration 
is  mechanically  si  leways  focused  with  the  focal  distance  (array 
center  to  R /W  centerline)  set  at  500  feet;  however,  placement 
within  ♦  200  feet  of  this  offset  distance  has  been  proven  to  be 
acceptable.  When  letermining  the  longitudinal  backset  distance 
from  the  runway  threshold  the  major  criteria  is  to  locate  the 
physical  midpoint  of  the  antenna  (center  of  Section  No.  4)  at  a 
point  which  places  it  on  a  line  with  the  desired  glide  path. 

The  factors  which  must  be  considered  when  siting  the  antenna  are: 

1.  Desired  Glide  Angle. 

2.  Threshold  Crossing  Heiqht. 

3.  Elevation  of  runway  threshold  and  elevation 
of  jround  at  antenna. 

4.  Elevation  of  R/W  centerline  opposite  antenna 
loca t i on . 

Although  the  antenna  may  be  located  directly  abeam  of 
the  runway  threshold  it  may  not  be  sited  forward  of  the  runway 
threshold.  \r.  the  intenna  is  sited  further  down  fie  Id  from 
the  runway  threshold  the  height  of  the  center  of  the  antenna 
above  iround  level  is  reduced  and  consideration  should  be 
given  to  maintaining  the  bottom  of  the  antenna  at  a  reasonable 
distance  above  the  ground  (6  feet  is  a  practical  minimum 
di s  t  ance )  . 
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Site  preparation  for  installation  of  the  dipole  broadside 
antenna  should  include  maintaining  level  ground  with  no  severe 
terrain  discontinuities  directly  in  front  of  the  main  antenna 
foundation  for  a  distance  of  approximately  200  feet.  This  will 
serve  to  simplify  the  antenna  erection  procedure  and  to  minimize 
si  jnul  derogation. 

2.2.2  Antenna  Tower  Assembly 

The  support  structure  for  this  antenna  is  designed  to 
ml  •  intenna  t  i  tael  •  m er  nadi  .•  f  Rohn  No.  ( 
triangular  tower  sections.  The  number  of  tower  sections  rc- 
guired  is  i  function  of  antenna  placement.  During  the  site 
testing  of  the  antenna  system  at  Lynchburg,  Virginia,  a  total 
of  7  t)5G  tower  sections  were  employed.  Each  of  the  Rohn  65G 
se  t  tons  is  10'  -  1"  in  length  and  weighs  178  lbs. 

2.2.3  Attachment  of  Antenna  to  Main  Tower  Assembly 

The  seven  antenna  sections  are  attached  to  the  main  tower 
assembly.  All  assembly  work  is  lone  directly  on  the  tower  since 
it  is  an  integral  part  of  the  antenna  structure.  Each  of  the 
seven  dipole  broadsi  le  array  sections  are  coded  with  Section 
No.  1  located  it  the  bottom  and  Section  No.  7  being  located  at 
the  top  of  the  tower.  The  antenna  sections  are  fastened  to  the 
•  owe r  by  the  use  of  brackets  as  shown  on  Figure  2-41.  These 
brackets  are  fabricated  from  extruded  structural  aluminum 
angle.  The  bracket  layout  on  the  tower  is  shown  in  Figure  2-40. 
The  antenna  sections  are  joined  to  the  brackets  and  to  each 
other  by  3/8  inch  and  1/4  inch  bolts  going  through  the  antenna 
flanges.  Each  of  the  eight  brackets  are  also  identified  with  a 
code  number  (Fl  through  Ff>)  and  installation  must  be  made  with 
the  proper  sequence  as  shewn  in  Figure  2-40.  Although  there  are 
eight  brackets  employed  two  sets  of  the  brackets  are  identical. 
Each  antenna  section  remains  rectangular  with  curvature  obtained 
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by  inserting  tapered  shims  at  each  joint.  Antenna  section 
No.  4  remains  vertical  with  respect  to  the  tower  with  the  other 
sections  angled  as  shown  in  Figure  2-40.  It  is  to  be  noted  that 
the  antenna  is  installed  such  that  the  antenna  curvature  is 
focused  towards  the  runway  which  is  being  instrumented.  The 
antenna  can  be  installed  on  either  side  of  a  runway  by  inter¬ 
changing  the  mounting  brackets  with  the  top  to  the  bottom  and 
with  the  bracket  overhang  on  the  opposite  side.  Six  choke 
splice  plates  are  provided  to  cover  the  side  of  the  antenna 
section  where  the  thick  end  of  the  shim  is  installed.  A  parts 
list  for  the  antenna  assembly  is  given  in  Figure  2-39. 

2.2.4  Antenna  E*ase  Assembly 

The  antenna  base  assembly  is  designed  to  allow  movement 
of  the  antenna  in  both  a  longitudinal  and  lateral  direction. 

The  backtilt  of  the  tower  is  set  to  the  desired  glide  slope 
angle.  Generally  no  side  tilt  is  incorporated  into  the  antenna 
system;  however,  it  provides  erection  clearances  during 
antenna  l ns t a  1 1  at i on .  A  sketch  of  the  base  assembly  is  shown 
in  Figure  2-43. 

2.2.5  Antenna  Krection  Procedure 

An  antenna  installation  requires  that  first  the  three 
concrete  foundations  be  poured,  two  for  the  main  braces  and  one 
for  the  main  base  assembly.  A  typical  antenna  foundation  layout 
is  shown  in  Figure  2-44. 

The  main  braces  are  assembled  by  building  up  two  members 
consisting  of  seven  (typical)  Rohn  type  55  tower  sections 
terminated  on  the  bottom  by  anchor  hinges  and  on  the  top  by  the 
brace  top  plate.  These  two  brace  members  are  tied  together  by 
the  tower  hinge  which,  in  turn,  attaches  to  the  tower  hinge 
bracket  located  on  one  of  the  type  65G  tower  sections.  If  a 
larje  enough  crane  is  available,  all  tower  and  antenna  assembly 
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Figure  2—  * 4  Typical  Foundation  Layout  For  Dipole  broadside  Antenna 

2-64  Array* 


is  done  on  the  ground  with  the  entire  structure  being  raised 
upon  completion.  This  antenna  erection  procedure  was 
validated  at  the  Lynchburg,  Virginia,  test  site.  The  bottom  of 
the  tower  is  not  permanently  secured  to  the  base  assembly  until 
after  flight  check  in  order  to  allow  for  minor  changes  in  the 
glide  angle  setting. 
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3.0  M  NITOR  SYSTEM 


As  a  preliminary  to  the  design  of  a  monitor  system  capable 
of  monitorinq  the  excitation  of  a  multi  element  array,  an 
extensive  analysis  was  per  ormed.  The  purpose  was  to  determine: 
(1)  which  elements  have  a  significant  effect  in  the  far  field 
pattern  and  what  is  the  nature  of  their  effect,  and  (2)  how 
tightly  must  each  element  be  monitored  (i.e.  detectable  phase 
ind  amplitude  variation).  The  analysis  included  introducing 
faults  into  the  antenna  and  measuring  on  the  antenna  r  inge  the 
effect  on  the  SBO  pattern,  ami  using  the  flyability  computer 
o  ie 1  t  predict  the  effective  PDM  variations  as  seen  by  an 
aircraft  . 

hue  to  the  complexity  and.  expense  associated  with 
measuring  patterns  for  an  array  of  this  size,  patterns  were 
ta)  •  ertain  :at  as  trophic  cases.  Th<  •  iri 

in  Fi lures  1.1  throu  ih  3.34,  and  are  summarized  in  the  following 
t  ah  le : 

F l jure  An t  enn a  Condi t ion 


3.  1 

SBO 

pat  tern 

for  normal 

(no  fault) 

3.2 

SBO 

pat  te  rn 

e  lemon  t 

M 

open  circuit 

3.  3 

SBO 

pat  tern 

e  lement 

*2 

open  circuit 

3.4 

SBO 

pattern 

element 

*  4 

open  circuit 

3.5 

SBO 

pat  te  rn 

e  lement 

♦  5 

open  circuit 

3.6 

SBO 

pat  te  rn 

e  lement 

*  10 

open  circuit 

3.7 

SBO 

pat  te  rn 

e lement 

♦  11 

open  circuit 

3.8 

SBO 

patte  rn 

e  lement 

113 

open  circuit 

3.9 

SBO 

pat  te  rn 

e  lement 

<14 

open  circuit 

3.  10 

CSD 

t,  SBO  patterns 

f  or 

normal (no  fault) 

3.11 

CSB 

pat  te  rn 

e  lement 

<1 

short  circuit 

3.12 

SBO 

pattern 

e  lement 

<  1 

short  circuit 

3.13 

CSB 

pattern 

e  lement 

<2 

short  circuit 

Fiqure 

Antenna  Condition 

3.14 

SBO 

pattern 

e  lement 

*2 

short 

ci rcui t 

3.15 

CSB 

pattern 

e lement 

*4 

short 

ci rcui t 

3.  16 

SBO 

pattern 

element 

*  4 

short 

ci rcui t 

3.  17 

CSB 

pattern 

e  lement 

•  5 

short 

ci rcui t 

3.  18 

SBO 

pattern 

e  lement 

•  5 

short 

ci rcui t 

3.19 

CSB 

pattern 

e  lement 

*  10 

short 

ci  rcui t 

3.20 

SBO 

pattern 

e  lement 

•  10 

short 

ci rcui t 

3.21 

CSB 

pattern 

e lement 

*  1 1 

short 

ci rcui t 

3.22 

SBO 

pattern 

e lement 

•  11 

short 

ci rcui t 

3.23 

CSB 

pat  te rn 

e  lement 

*  13 

short 

ci rcui t 

3.24 

SBO 

pat  te  rn 

e lement 

•  13 

short 

ci rcui t 

3.25 

CSB 

pattern 

e  lement 

•  14 

short 

ci rcui t 

3.26 

SBO 

pat  tern 

e  lement 

•  14 

short 

ci  rcui t 

3.27 

CSB 

pattern 

3dB  error  in  board  *1 

3.28 

SBO 

pattern 

3dB  error  in  board  *1 

3.29 

CSB 

pat  tern 

38°  phase  error  in  board 

3.  30 

SBO 

pat  te  rn 

38°  phase  error  in  board 

3.  31 

CSB 

patte  rn 

3dB  error  in  board  *  7 

3.32 

SBO 

pattern 

3dB  error  in  board  *7 

3.33 

CSB 

pattern 

38°  phase  error  in  board 

3.34 

SBO 

pattern 

38°  phase  error  in  board 

The  effects  of  various  faults  can  best  be  understood  by  r.akinq 
reference  to  the  relative  amplitude  distribution  across  the 
array.  Figure  ’-40  shows  both  the  CSB  and  SBO  amplitudes.  The 
CSB  has  a  maximum  at  the  array  center  (elements  12  through  17)  , 
and  is  very  •'early  a  cosine  on  a  pedestal.  As  one  would  expect, 
perturbation  of  these  elements  will  produce  the  ureatest  effect 
n  the  CSB  pattern.  The  SBO  pattern  has  heavily  driven  elements 
near  the  ends  (elonents  1-4  and  25-2  8)  .  Thes-  elements  primarily 
determine  the  SBO  guidance  lobes  and  the  iej  th  of  the  guidance 
null.  The  center  elements  for  SBO  (elements  13-16)  do  critically 
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Parallel 


FIGL'PF  3.10  -  CSB  S.  SBO  PATTLRNS  FOP.  NORMAL  (NO  FAULT) 


FIGUPE  3.13  -  CSB  PATTERN  ELEMENT  *2  SHORT  CIRCUIT 


IGURE  3.16  -  SBO  PATTFPN  ELEMENT  *4  SHORT  CIRCUIT 


FIC.fPE  3.  1<>  -  CSP  PATTERN  ELEMENT  §10  SHORT  'IPC  IT 


figure  3.21  -  csn  PATTEPN  ELEMENT  »11  SHOPT  circuit 


FIGURE  3.27  -  CSP  PATTERN  3DP  EPROP  IN  POAPD  *1 


FIGUPE  3.28  -  SBO  PATTEP'J  3DR  EPPOP  IN  BOARD  *1 
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FIGURE  3.32  -  SBO  PATTERN  3DR  ERROR  IN  ROAPD  »7 


FIGt’PF  3.33  -  CSH  PATTERN  38°  PHASF  FPROR  IN  BOARD  *7 


Hence , 


- ® - 

effect  the  sidelobe  level  in  the  surpressed  region, 
an  error  in  these  elements  will  only  effect  the  flyability 
based  on  how  the  pattern  interacts  with  the  particular  site 
terrain.  The  same  considerations  apply  to  the  analysis  of 
faults  in  particular  distribution  boards.  Based  on  these 
measurements,  it  was  decided  to  monitor  critical  SBO  phase 
and  amplitude  from  outboard  elements,  and  CSB  phase  and 
amplitude  from  central  elements. 

As  a  test  of  the  effect  of  small,  random  errors  to  the 
lightly  driven  elements  (5  -►  10  and  19  — ►  24)  ,  a  computer 

simulation  of  the  effect  on  the  flyability  was  performed. 

In  all  cases  a  3°  glide  path  over  an  infinite  ground  plane  was 
assumed.  Figure  3-35  compares  the  normal  performance  with 
randomly  applied  errors  to  elements  5  through  10  and  19  through 
24  of  10°,  15°,  and  25°  in  phase.  These  do  not  result  in  a 
loss  of  CAT  II  performance.  Figure  3-36  is  the  same  type  of 
computation  for  errors  of  30l  and  35°  in  phase.  Each  curve 
represents  the  worst  case  of  a  number  of  random  applications. 
Figure  3-37  shows  the  results  of  a  10°  uniformly  distributed 
phase  error  over  elements  5  through  10  and  19  through  2  4. 

The  same  type  of  computation  is  shown  in  Figure  3-38  for  15° 
phase  error. 

The  following  section  describes  the  design  and  development 
of  a  monitor  system  capable  of  detecting  all  faults  which 
would  produce  an  unacceptable  antenna  performance. 

3.1  INTRODUCTION 

The  Dipole  Broadside  Glide  Slope  Array  consists  of  twenty 
eight  dipole  elements  stacked  in  a  vertical  array.  Two  indepen 
dent  ! i s t ribut i on  systems  are  used  to  generate  the  particular 
illumination  functions  for  the  CSB  and  SBO.  These  systems  are 
mounted  on  common  distribution  boards  with  a  single  cable 
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Figure  3-37  The  Effect  Of  A  10  "ni  forrly  Distributed  Phase  Error 


delivering  both  CSB  and  SBO  to  each  radiator.  The  phase 
relationship  between  the  CSB  and  SBO  varies  from  element  to 
element.  This  greatly  complicates  the  problem  of  monitoring 
the  array.  Since  an  effective  integral  monitor  system  requires 
sampling  the  radiated  energy  beyond  any  point  where  a  failure 
could  occur,  this  will  require  a  pick  up  probe  in  the  immediate 
vicinity  of  the  dipole  and  beyond  any  connectors  and  cables. 

The  probe  will  couple  both  CSB  and  SBO,  with  the  same  phase 
relationship  as  established  for  that  element,  and  different 
than  every  other  element.  Since  this  phase  relationship  is 
not  a  cardinal  value,  such  as  90°  or  180°,  the  circuitry 
necessary  to  separate  the  CSB  and  SBO  for  each  radiator  would 
be  very  complex  and  more  costly  than  the  antenna's  distribution 
system.  Hence,  a  new  concept  in  monitor  combining  was  developed 
for  this  array.  This  system  has  not  been  tested  in  conjunction 
with  the  antenna. 

3.2  THEORY  OF  THE  DIPOLE  ARRAY  MONITOR  NETWORK 

The  development  of  an  effective  monitor  system  is  absolutely 
predicated  on  the  design  of  the  antenna  to  be  monitored.  A 
wirin  |  Jiajram  of  the  antenna  is  shown  in  Figure  3.39.  The 
antenna  is  mechanically  divided  into  seven  sections,  each  of 
which  contains  four  radiating  elements  and  the  required  CSB  and 
.'•BO  listribution  for  those  elements.  The  CSB  and  SBO  signals 
from  the  transmitter  are  fed  to  the  center  section,  number  four, 
and  are  distributed  up  and  down  the  array  by  series  connections 
between  adjacent  sections.  Hence,  elements  at  the  top  and  the 
bottom  of  the  array  have  no  common  cable  paths  except  the 
connection  between  the  transmitter  and  the  antenna.  This  lack 
of  a  common  path  is  the  essence  of  the  monitor  technique  to 
letect  cable  faults  on  the  antenna.  Since  a  common  fault  cannot 
occur  for  the  upper  and  lower  halves  of  the  array,  one  can 
ievelop  a  cable  fault  monitor  which  compares  the  excitation  of 
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gure  3-39  Dipole  A 


elements  in  the  upper  half  array  to  those  in  the  bottom  half 
array.  It  is  desirable  in  any  monitor  combining  network  to 
limit  the  number  of  outputs  to  the  minimum  number  necessary 
to  monitor  all  fault  conditions.  In  view  of  the  large  number  of 
Wilcox  Mark  l-D's  in  use,  the  ideal  number  would  be  three  channels 
compatible  with  the  Wilcox  system.  Since  "width"  and  "angle" 
account  for  two  channels,  it  is  desirable  to  limit  cable  fault 
detection  to  a  single  channel.  Figure  3-40  shows  the  relative 
amplitude  distribution  of  both  the  CSB  and  SBO  for  the  array. 

Note  that  both  patterns  are  symetric  about  the  center  of  the 
array.  (This  is  not  the  case  for  the  phase  distributions) . 

This  indicates  that  if  signals  from  symetric  elements  are 
combined,  the  signal  strengths  will  be  equal  with  equal  monitor 
sensitivity.  However,  if  inputs  from  all  twenty  eight  elements 
were  manifolded  into  a  single  output,  there  would  be  a  corres¬ 
ponding  decrease  in  sensitivity  for  any  single  element.  These 
considerations  gave  rise  to  the  idea  of  detecting  cable  faults 
by  comparing  the  excitation  of  symetric  elements  and  time 
sharing  this  information  into  a  single  output  channel.  This  is 
accomplished  by  an  array  of  diode  switches  coupled  radially 
to  a  common  output  line. 

The  "width"  and  "angle"  measurements  are  performed  in  a 
more  Customary  fashion.  Examination  of  Figure  3-40  indicates 
that  elements  at  the  array  center  are  heavi  ly  driven  with  CSB 
while  extreme  elements  are  heavily  driven  with  SBO.  The  "width" 
channel  is  established  by  combining  a  signal  derived  from 
/  element  #14  (large  CSB)  with  a  signal  from  element  *1  (large  SBO) 

such  that  the  resultant  CSB  and  SBO  are  in  phase.  This  channel 
will  be  tuned  to  detect  broad  and  sharp  alarm.  The  *hngle" 
channel  will  have  element  *14  and  element  *1  combined  to  give 
the  resultant  CSB  and  SBO  in  quadrature.  This  channel  will  be 
tuned  to  detect  variation  in  the  relative  SBO  to  CSB  phase. 

These  two  channels  will  detect  any  variation  in  CSB  to  SBO 
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phase  and  amplitude  either  originating  in  the  transmitter  or 
cables  from  the  transmitter  to  the  antenna. 

A  conceptional  drawing  of  the  above  described  monitor 
combining  network  is  given  in  Figure  3-41.  The  inputs  to  the 
combining  network  are  derived  from  probes  near  each  dipole 
radiator.  One  must  bear  in  mind  that  each  of  these  probes 
picks  up  both  the  CSD  and  SRO  of  the  particular  dipole.  This 
simple  combining  network  has  no  way  to  separate  these  signals. 

For  example,  a  phase  shifter  in  a  given  line  will  vary  equally 
me  CSB  and  SBC  in  that  line,  resulting  in  no  change  to  the  DDM . 
To  determine  if  a  network  of  this  type  was  capable  of  producing 
responses  for  which  meaningful  alarm  limits  could  be  established 
required  a  computer  analysis. 

3.3  COMPUTE R  MODEL  OF  THE  MONITOR  NETWORK  RESPONSE 

The  monitor  concept  for  the  Dipole  Broadside  Array  consists 
of  three  distinct  functions  each  having  a  unique  and  separately 
generated  output .  The  SBO  to  CSB  phase  and  amplitude  are 
monitored  through  two  channels  called  "width"  and  "angle”. 
Complete  monitoring  of  the  path  angle  will  also  require  a  tower 
tilt  monitor  since  path  angle  varies  directly  with  tower  back 
tilt.  A  third  channel  monitors  all  cable  connections  and 
assures  that,  given  the  correct  SBO  to  CSB  phase  and  amplitude, 
this  is  properly  iistributed  to  all  28  radiators.  A  mathematical 
model  has  been  jenerated  to  predict  the  performance  of  these 
three  monitor  channels  to  antenna  faults. 

3.3.1  Antenna  Interconnection  Monitor 

All  monitor  input  signals  are  derived  from  20  dB  couplers 
implanted  near  the  dipole  radiators.  Cable  faults  are  detected 
by  comparing  signals  from  symetric  elements.  Hence,  one  is 
comparing  element  pairs  defined  by  1-28,  2-27,  3-26,  etc.  The 
signals  from  each  element  of  the  pair  are  combined  and  then 
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sequentially  coupled  to  the  output  terminal.  Each  pick  up 
probe  samples  a  signal  with  a  format  as  shown  in  Figure  3-42 (a) . 

The  amplitudes  of  the  CSB^  and  SBO.  and  the  relative  phase  angle 

,  are  determined  by  the  required  excitation  for  the  i  th  element. 
Since  t*  (  varies  across  the  array,  there  is  no  convenient  method 
to  change  9  within  the  monitor  combining  network.  Since  all 
combined  pairs  feed  into  the  same  output  channel,  they  must  all 
have  the  same  initial  DDM  and  identical  alarm  limits.  In  order 
to  allow  the  initial  DD.M's  to  be  made  equal,  a  phase  shifter  is 
provided  i  :i  one  arm  of  each  pair.  An  analysis  was  performed  to 
determine:  (1)  that  the  initial  DDM's  can  be  made  equal,  and 

(2)  that  reasonable  faults  will  produce  a  measurable  DDM 
var i at  ion. 

Fi  :ure  3.42(b)  represents  the  signals  from  two  elements  as 
they  trrive  at  the  combiner.  There  is  no  loss  in  generality  in 
assuming  that  the  CSB  from  one  element  defines  the  principal 
axis.  In  this  case  the  angle  P  between  the  CSB  of  elements  l 
an!  n  corresponds  exactly  to  the  phase  shifter  in  the  circuit. 

The  output  of  the  combiner  is  a  CSB  (total)  and  an  SBO  (total) 
given  by, 


CT  -  (C.  +  C  Cos;)  i  +  C  sWj  (3.1) 

Tin  n 

Tt  -  (S,  cos  9  .  +  S  Cos  9  n)  i  +  (S,  Sin  9  ,  ♦  S  Sin  &  n)  J  (3.2) 
X  I.  n  l  i.  n 


The  resultant  DDK  is  given  by, 


(3.  3) 
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Reference  to  Figure  3-40  shews  that  the  amplitudes  of  both 
the  CSB  and  SBO  are  equal  for  synetric  elements, 


with 


Ci  -  Cr  -  c 

(3.4) 

S  ;  “  - ' , ,  “ 

(  3.5) 

t!.i:  nditi  :. 

j.y  i  |  J  A  +  B  tan  ^  V 

(  3.6) 

A  -  cos  6,  +  -os  5 
i  n 

(3.  7) 

B  -  Sin  8.  -  Sin  8 
i  n 

(3.8) 

In  equati  - 1  •  •  •  M  r  •  le  fined.  This 

i  ic  t  *  he  assumption  that  the  ':>B  amplitudes  are  exactly  equal 
mil,  hence,  a:. eel  when  mbined  180  out  of  phase.  This  will 
never  be  the  case  in  real  life  due  to  slight  variation  in  loss 
through  the  -able  and  small  vari  itions  in  the  coupling  co- 
off  i  rients  of  the  pick  up  probes.  Note  also  that  since  the 
'SB  ind  SB")  from  a  jiven  element  are  always  phase  displaced  by 
the  anile  ft,  there  is  no  way  of  isinq  a  phase  shifter  to  only 
chan  je  the  SBO  vector.  Therefore  one  can  never  establish  a 
puadrature  relationship  between  the  CSB  (total)  and  the  SBO 
t  *  a  1 )  in  this  portion  of  the  combiner.  A  zero  DDM  is  achieved 
only  by  tuning  a  &  such  that  the  two  SBO  signals  cancel. 

Equation  3-6  has  been  solved  for  all  fourteen  element 
pairs  using  the  ratio  of  .  '  an  1  the  phase  angles  ft  as  defined 

by  the  antenna  illumination  function.  This  data  is  presented 
for  three  of  the  element  pairs  in  Figures  3-4  3  through  3-45. 

Th  ’  phase  angle  has  two  physical  meanings.  In  the  first 
case  i‘  represents  the  initial  phase  displacement  between  the 
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two  CSB  components  of  the  element  pair.  As  such,  it  can  be 
adjusted  by  the  phase  shifter  located  in  one  of  the  element 
lines  in  i  designated  as  g)  in  Figure  3-41.  Once  this  setting 
is  male,  the  second  physical  s  i  gn  i  f  i  cance  of  0  comes  into  play; 
phase  changes  resulting  from  cable  or  connector  variations 
appear  as  chan  les  in  «l.  With  this  understanding,  data  of  the 
type  shown  in  Figures  3-4  3  through  3-45  can  be  used  to 
initt  illy  tune  and  then  predict  the  performance  of  the  cab  le 
fault  channel.  An  initial  value  (no  fault)  of  DDM  must  be 
chosen  such  that  it  falls  on  a  portion  of  the  response  curve 
with  sufficient  slope  to  yield  a  reasonable  alarm  response.  For 
element  pairs  where  either  the  CSB  or  SBO  is  very  much  greater 
than  the  other  this  response  curve  will  have  a  large  slope. 

This  is  shown  in  Figure  3-45  for  element  pair  2-27  where  the 
SBO  is  about  7  times  larger  than  the  CSB.  This  produces  a 
large  response  ibout  any  initial  value  of  DDM.  Therefore,  the 
determining  factor  for  initial  DDM  are  the  slower  response 
element  pairs  like  4-25  shown  in  Figure  3-44. 

Selection  of  the  initial  DDM  immediately  determines  the 
required  settings  of  all  phase  shifters  in  this  portion  of  the 
combining  network.  Alarm  limits  are  then  determined  based  in 
desired  sensitivity.  A  given  alarm  limit  will  occur  for  a 
smaller  phase  variation  for  element  pairs  with  large  slope 
response  curves.  This  is  very  desirable  since  the  harder  driven 
elements  require  correspondingly  tighter  monitoring.  As  an 
example  of  how  performance  is  determined  consider  Figure  3-43. 
This  indicates  the  performance  of  element  pair  3-26.  If  the 
phasor  in  line  *3  is  adjusted  so  that  the  CSB  in  *3  and  the 
'SB  in  »26  are  287°  out  of  phase,  the  resultant  DDM  will  be 
0.10  in  the  150.  This  would  be  adjusted  to  zero  in  the 
monitor  alarm  system.  The  alarm  limits  show  are  for  a  DDM 
variation  of  0.05.  This  corresponds  to  about  43>*a.  An 
increase  in  phase  delay  of  13°  (  300°  -  287°)  will  alarm  in 

the  90  Hz  while  a  reduction  in  phase  delay  of  11°  (287°-276°) 
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will  ilurm  in  the  150Hz.  Although  the  discussion  has  been 
iirected  to  phase,  amplitude  variations  will  produce  similar 
fleets.  Table  3-1  shows  the  response  characteristics  of  all 
:  urteen  element  pairs  for  an  initial  setting  of  .10  in  the 
lr>3  Hz  an  i  »  .05  DDM  alarm  limit. 

3.3.2  Width  and  Angle  Monitor  Channels 

h  '  to  *SB  amplitude  and  phase  are  continuously  monitored 
tn  •  i  i‘i  the  "width"  and  "angle"  channels.  Prior  to  the  element 
a:  lunation  some  energy  is  sampled  from  elements  »1  and  »  1 -5 

Kl>-  *nt  »1  is  largely  SBO  and  element  *14  is  largely  CSB.  A 
ph  t  .hitter  is  in  series  with  the  input  from  element  *1  in 
rdor  to  provide  a  tuning  capability.  The  remaining  circuitry 
l  s  leu  jned  such  that  if  is  adjusted  to  give  the  CSB  and  SBO 
in  phase  at  the  "width"  channel,  they  are  in  quadrature  at  the 
"  ingle"  channel.  Again  using  the  actual  values  from  the 
•  i  illumination  function,  a  calculation  was  performed  for 

the  response  of  the  "width"  and  "angle"  channels.  It  was  found 
that  if  the  phase  shifter  *3  was  adjusted  to  make  the  CSB  element 
*1  be  1 > 1°  advance  compared  to  the  CSB  from  element  414,  the 
‘SB  .total)  and  SBO  (total)  were  in  quadrature  at  the  angle 
■funnel  and  in  phase  at  the  width  channel.  This  resulted  in 
in  "  m  ile"  channel  normal  output  of  ODDM  and  an  84ha  variation 
f  r  ♦  15°  chanqe  in  SBO  phase.  The  width  channel  has  a  nominal 

.  3  DC )M  (150)  output  with  a  51ha  (90)  broad  alarm  and  an  9  7/a 
(150)  sharp  alarm. 

3.  3.  7  Summarization  of  Analysis 

The  results  of  the  preceeding  analysis  of  the  monitor 
response  for  the  configuration  of  Figure  3-41  indicates  that: 

1.  It  is  possible  to  economically  sample  data  from 
all  radiating  elements  using  a  sequencing 
monitor  combining  network. 
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2.  The  configuration  presented  in  Figure  3-41 
will  monitor  every  cable  and  connector  in 
the  antenna  and  provide  a  measurable  response 
prior  to  an  alarm  condition. 

3.  Course  angle  and  width  are  monitored  continuously 
and  provide  an  output  which  is  a  very  close 
approximation  of  what  would  be  measured  in 

the  air. 

3.4  FUNCTIONAL  DESIGN  OF  THE  DIPOLE  MONITOR  COMBINING  NETWORK 

The  Dipole  Broadside  G/S  Array  monitor  combining  network 

was  designed,  constructed,  and  preliminary  tested. 

It  consists  of  three  basic  sub-assemblies,  mounted  in  a  single 
box  which  itself  is  mounted  on  the  center  section  of  the 
antenna.  The  sub-assemblies  consist  of  the  logic  and  control 
circuit  (Al) ,  the  RF  combining  and  switching  circuit  (A2) ,  and 
an  ariay  of  phase  shifters  to  provide  the  correct  initial  signals 
to  the  RF  board.  Since  final  testing  was  not  completed  only 
preliminary  drawings  are  presented  at  this  time. 

The  logic  and  control  sub-assembly,  shmwn  in  Fi  jure  3-47, 
provides  power  and  control  for  the  fourteen  position  diode 
switch,  CRl  to  CR14.  The  diodes  are  normally  back  biased  at 
approximately  5  V  when  the  switch  is  "off".  When  the  driver 
is  "on",  the  selected  diode  is  forward  biased  by  the  5V  supply 
and  current  limited  by  R27  through  R40 .  Visual  indication  that 
the  PF  switching  is  sequencing  properly  is  provided  by  an  array 
of  LED's,  CR 15  through  CR28.  Clock  pulses  are  generated  by  U1 
(52555)  operating  as  a  multivibrator  in  the  "automatic"  mode  and  as 
a  one-shot  in  the  "manual"  mode.  The  clock  rate  in  "automatic" 
is  controlled  by  R4  and  elf.  Integrated  circuit  U2  (55452) 
serves  as  a  buffer  and  inverter  between  the  clock  and  the  binary’ 
counter  U3  (5493).  The  counter  provides  a  four  bit  binary  word 
to  the  demultiplexer  U5  (54154).  The  demultiplexer  perforins  a 
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deciding  and  commutating  function  so  that  each  of  its  16  outputs 
changes  state  sequentially  as  the  binary  word  value  increases. 
Output  *1  of  the  demultiplexer  switches  the  I.ED  driver  U4 
(55451)  to  indicate  "start  sequency"  on  the  front  panel.  Outputs 
*  and  «15  of  the  demultiplexer  are  used  to  drive  the  switch 
drivers  via  inverters  U6  through  U0.  Output  *16  is  ignored. 

The  mechanical  layout  of  the  logic  circuit  and  control  is  shown 
in  Fi jure  3-48. 

The  :  F  combining  board  is  shown  in  Figure  3-49  with  the 
mechanical  layout  jiven  in  Figure  3-50.  This  differs  slightly 
!  i  m  the  conceptual  layout  of  Fi  jure  3-41  in  that  more  flexability 
!  >r  tuntni  is  provided.  This  will  insure  the  ability  to  natch 
the  analysis  of  Section  3.3.  Phase  shifters  Zl  through  ’’14 
provi  ie  the  tuning  required  t  set  the  initial  DDM  to  the  same 
value  for  each  of  the  element  ;  airs.  The  switching  diodes  are 
arrange  !  in  i  radial  combining  network  so  that  the  same 

a  f  the  fourteei  w  1 1  i  t i ons . 

The  si  mala  for  the  "wi  ith"  and  "angle"  channels  are  taken  from 
dividers  z  34  and  Z3r. .  a  3  e  lement  tnd 

28  in  or  lor  to  maintain  equal  signals  to  the  element  pairs  since 
energy  was  coupled  out  of  1  and  14.  Tv  phase  shifters,  Z  36  and 
T.  37,  insure  that  the  proper  signal  formats  can  be  achieved  in 
the  "width"  and  "angle"  channels. 

The  overall  layout  of  the  monitor  combining  network  is 
shown  in  Fi  jure  3-51.  This  box  is  mounted  on  the  back  of  the 
antenna  with  cables  connected  to  the  pick-up  probes  through 
J1-J28.  The  fault  channel  output  is  .'31,  the  "width"  is  J  32 , 
and  the  "angle"  is  J33.  These  will  require  RF  cables  to  the 
monitor  system  in  the  equipment  shelter.  An  A.C.  lino  cord 
must  be  run  up  the  antenna  to  the  monitor  combining  network. 
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Figure  3-49  RF  Combining  Circuit  Schematic 


4 . 0  TESTS  OF  THE  DIPOLE  BROADSIDE  GLIDE  SLOPE  ARRAY 

The  Dipole  Broadside  Glide  Slope  Array  has  been  tested  both 
on  the  Westinghouse  antenna  range,  where  radiation  patterns 
were  measured,  and  in  Lynchburg,  Virginia,  where  flight  checks 
were  conducted. 

4 . 1  ANTENNA  RANGE  TESTS 

The  final  tuning  of  the  antenna  was  performed  on  the 
mtt'nn.i  range.  Figure  4-1  shows  the  antenna  mounted  on  the 
:»-viesrai.  Notice  that  during  pattern  measurements  the  antenna 
is  mounted  horizontally,  80 *  in  the  air,  rather  than  in  the 
normal  vertical  operating  configuration.  These  tests  were  made 
using  the  antenna  in  a  receive  mode.  The  source  antenna  was 
1  cate  !  1700’  away  near  the  ground.  Since  this  range  is  not 
in  the  far  field  of  the  antenna  under  test,  the  source  was 
itself  a  four  element  dipole  array  phased  to  provide  plane  wave 
illumination  of  the  test  array.  Prior  to  making  pattern 
measurements,  the  range  characteristics  were  measured.  These 
include  measuring  reflections  from  all  fi  w>d  targets,  to  be 
ap;  lied  as  a  correction  to  the  test  data. 

As  with  any  large  array  designed  to  produce  very  low 
side  lobes  over  a  specific  angular  region,  analysis  can  only 
provide  an  initial  excitation.  The  final  tuning  was  computer 
aided  and  performed  with  the  antenna  under  test.  The  output 
of  the  antenna  is  fed  to  a  phase  sensitive  receiver,  the  output 
of  which  is  both  plotted  and  inputed  to  a  computer.  The 
c  mputer  compares  the  measured  pattern  to  the  theoretically 
('••st  pattern  which  was  determined  by  analysis.  A  synthesis 
program  is  run  which  generates  a  recommendation  for  a  phase 
in  !  'or  amplitude  change  to  a  specific  radiating  element  which 
will  produce  a  pattern  closer  to  the  theoretical  optimum. 

Usinj  this  technique,  the  final  pattern  was  a  virtual  overlay 
of  the  theoretically  predicted  pattern. 
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A  Jesi  in  goal  was  to  produce  an  antenna  which  could  operate 
ove:  the  entire  glide  slope  frequency  band  with  no  tuning 
adjustments.  Due  to  F.C.C.  restrictions,  measurements  were 
con  lined  to  three  frequencies  spaced  across  the  band: 

(1)  329.6  MHZ,  (  2)  3  32.6  MHZ,  and  (  3)  334.7  MHZ.  Over  this 

t  anqe  >t  frequencies,  there  is  no  variation  of  the  CSB  pattern. 
This  is  expected  since  there  are  no  critically  tuned  parameters 
associated  with  this  pattern.  A  360°  CSB  pattern  is  given  in 
F i  :  ire  4-2  for  the  center  frequency  of  3  32.6  MHZ.  Since  the 
pattern  is  tailored  to  supress  sidelobes  over  a  critical 
insular  region,  it  is  sli  jhtly  frequency  dependent.  The 
s  i  ::  ,-oals  were  achieved  over  the  entire  frequency  range. 

Fi  jure:;  4-  through  4-5  show  360°  plots  of  the  SBO  at  the  three 
•out  !  re.juenoies .  An  expanded  plot  is  given  in  Figure  4-6  for 
i  th  the  MB  an  i  SBO ,  at  the  center  frequency  of  3  32.6  MHZ. 

This  >w  that  the  SBO  sidelobes  are  surpressed  to  an  average 

value  •  20  dl>  below  the  lower  guidance  lobe  and  to  an  angular 
range  :  16°  below  the  glide  path  angle.  These  are  antenna 

-'.a:  i  "eristics  which  would  yeild  excellent  flyability  over 
ve ry  s e  ve  re  terrain. 

The  irray  elements  are  located  on  a  circular  arc  whose 
:  cal  point  is  the  runway  center  line.  This  type  of  mechanical 
focus*:  i  is  iesi  mod  to  prevent  the  customary  near  field  de- 
f  -us  in  ;  a:  1  to  produce  a  planar  guidance.  This  effect  was 
easure  1  on  the  antenna  range  by  tilting  the  array  both  above 
mi  bel  w  its  normal  horizontal  plane.  This  allows  patterns  to 
:  -it  i  .re  i  is  woul  !  be  seen  by  an  aircraft  approaching  parallel 

t  the  runway  center  line  but  displaced  by  +  100'  and  -100’. 
h  ■■  ;  e  re  .Its  ire  j  i  von  respectively  in  Figures  4-7  and  4-8. 

iri  ion  if  this  data  to  the  on  center  line  data  of  Figure  4-6 
.  r.di  ■  i t e  ;  a  negli  iible  glide  path  angle  change  as  represented 
by  the  1  cation  of  the  guidance  null.  Hence,  the  array  provides 
:  lar.ar  juidance  and  the  antenna  curvature  is  not  critical  with 


respc  t  to  the  runway  center  line.  Glide  slope  antennas  are 
i'.:.  le.juired  to  provide  usable  guidance  at  the  localizer  course 
extremes.  This  was  tested  by  measuring  patterns  corresponding 
’  air>  ra"  approaching  Iron  +  8°  and  -8°  off  azimuth.  This 
lata  1  ■  ;iven  in  Fi  iu:"S  4-9  and  4-10.  Again,  the  array  per- 

•  man  e  i  s  udi  that  good  fly  ability  is  achieved. 

I  e  iat  i  presented  in  this  section  is  for  the  final  tuned 
i:  tev.na  •  •  >.  .  t.ition,  ind  represents  only  a  small  fraction  of  the 
'  •  i p.it  terns  joneratrd  luring  this  program. 

4..’  ANTENNA  FLI  -.HT  GHECKS 

: 4 1  i  ;.its  checks  were  performed  on  the  Dipole  Broadside 
•  i  le  A:  •  .»%  in  by n chi  irg,  Virginia,  during  the  summer  of 

1°  ,  by  :  :  .  Rich  at  !  M  la:  land  of  Ohio  University  Avionics 

a:  »•  s-j  .  let  •  n*:.i-t  to  the  F.A.A.  During  these  tests, 

•*ne  ’  •••  i  problem  was  discovered  which  resulted  in 

.  ■  -  .  i.  1  •  failure:;.  This  has  been  corrected,  but  did  cause 

i  it  :•  i  in  t  •  invalid  r  1 1  gh  t  check  data.  Enough  runs  were 
•  >•  correct  intenna  excitation  to  demonstrate  the 
antenna  perf  'rmance. 

antenna  site  was  chosen  to  provide  a  test  of  performance 
o i  .  jh  jro  in  1  approach.  This  did  not  correspond  to  any 
pi  a  1  t  ::.way  i*  Lynchburg.  However,  the  site  was  chosen 

•  have  an  ip j  roach  path  aloni  the  center  line  of  runway  3 5  —  1 T 

i  n!e  ■  •  provi  le  the  pilot  with  azimuthal  guidance  since 

there  w  is  no  localizer.  The  ficticious  middle  marker  was  at 
th«  threshol  1  of  KW1S.  The  ficticious  threshold  was  at  a  point 

n  PW  .  Fi jure  4-11  shows  the  antenna  location  relative  to 
i'W  •-!  '.  For  test  purposes  this  represents  an  antenna  with  a 
:  i  cV  et  f  2  O',  offset  of  560',  for  a  threshold  crossing 
ei  ;ht  f  >5'.  The  terrain  both  in  front  of  the  antenna  and 
betw  on  the  antenna  and  runway  center  line  is  quite  rough. 
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i  j  re  4-12  is  a  photograph  of  the  antenna  installation.  Figure 
4  1  shows  ground  profiles  both  in  front  of  the  antenna  and 
;n  ■••r  the  approach  path.  Note  the  large  ditch  within  600'  of 
the  litenna.  The  nearest  mountain  obstruction  is  almost  0.5°  at 
i  range  of  2  n  mi . 

A  normal  commissi  ning  flight  check  was  performed  including: 
"TT  runs,  (2)  level  runs,  (3)  below  path  clearance  runs, 
m  .  (4  off  azimuth  approaches.  This  site  was  computer  modeled 
:  :  the  Dipole  Broadside  Array  and  the  predicted  fly-in  data 

iven  in  Figure  4-14.  A  typical  measured  fly-in  is  given  in 
r.  re  4-1  ,  for  a  case  when  there  were  no  cable  faults.  This 
.  i*  i  w  >ul  :  be  excellent  for  an  image  system  over  very  flat 

>  let  alone  the  severe  terrain  at  this  site.  The  agreement 
close  to  the  computer  model.  The  maximum  roughness 
i  .•  >nes  1  an  I  2  is  less  than  8  /'A .  There  is  a  slight  flair  up 
i  •  seshol  !.  There  is  no  measurable  scattering  off  the 
•  un  top.  This  is  uncorrected  data  just  as  it  appeared  at 
.*  .•  of  th<-  Inferential  amplifier.  If  the  correction 

:  r  *  he  PTT  T  tracking  error  were  applied,  it  would  further 
th  this  lata,  particularly  near  threshold.  An  analysis 
RTT  tracking  error  is  given  as  an  appendix  to  this 
re:  rt  .  Fi  jure  4-16  is  a  level  run.  The  transition  is  very 
l'.nnr  an  i  symetncal.  The  angle  is  a  little  high  at  3.3°, 
i*  in:  that  the  antenna  backtilt  should  be  decreased. 

Fi  :  irrs  4-17  and  4-18  are  level  runs  at  +8°  and  -8(  off 
aziruth  angle,  respectively.  The  slight  shift  in  angle  is 
n:  .  -.tent  with  the  noasurod  antenna  pattern  changes  for  off 
\z.  ;th  given  in  Figures  4-9  and  4-10.  The  only  flight  check 
* e  t  for  which  the  antenna  did  not  perform  excellently  was  the 
:  e  1  *w  path  clnrance.  Example  data  is  given  in  Figure  4-19, 
w  -h  includes  both  the  antenna  signal  and  a  theodolite 
••  i  ■  f  the  airplane.  However,  it  was  known  prior  to  testing 
i*  this  site  that  clearances  would  be  marginal  at  1000*  to 
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Fi  jure  1-12  Antenna  Erecto!  At.  The  Lynch!  j r  ; 


Figure  4-13  Approach  Path  Groun  :  Profiles 
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Figure  4-15  Typical  Measure 


Figure  4-17  Measured  Level  P.un  For  +8  Off  Azimuth  Approach 
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2  ?'  • ion  threshold.  A  computer  simulation  had  been  run  which 

i  re.1.:  :ted  this  result,  and  is  given  in  Figure  4-20.  The  loss  of 
'I-  a  ranees  is  attributed  entirely  to  the  ditch  between  the 
i  ten:,  i  and  the  glide  path,  and  is  the  only  terrain  modeled  in 
Figure  4-20.  The  prediced  decrease  in  clearance  signal  is  not 
t  large  as  that  measured,  and  this  is  due  to  the  fact  that 
•he  -  :  uter  simulation  was  for  an  approach  angle  of  0.5°  while 

•  e  ter-t  aircraft  was  actually  at  0.9°.  Had  this  been  an 

i*i  n a  1  site  with  a  preliminary  computer  study,  the  antenna 
w  .1  !  ive  been  located  at  a  different  position  or  some  small 
or.  jnt  :  p  iling  would  have  been  recommended. 

In  summary,  the  antenna  performed  excellently  at  this 
•ite.  Time  and  funding  did  not  permit  testing  at  more  than 
no  •ropier-.  *y .  However,  antenna  pattern  range  data  indicates 
■  it  **.o  me  level  of  performance  can  be  expected  across  the 
r  This  same  test  site  was  used  in  1972  to  test  the 

;•  i*o  1  Wave  ;  ;i  ;t»  Glide  Slope  Antenna,  which  has  since  been 

-  .  '.no  !  it  ;  i  x  sites  with  two  additional  installations  in 

p:  gro  .  The  iipole  array  substantially  out  performs  the 

-.pen-. ate  !  waveguide  in  all  regards.  The  structure  is  improved 
:  ;  ai  ut  12>^A  average  and  the  linearity  of  the  level  run 

•  ■  >•  ;  .  t  i  n  is  s  i  gn  i  f  i  cant  ly  better. 
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5 . 0  CONCLUSIONS  AND  RECOMMENDATIONS 

An  antenna  h.w  been  designed  which  meets  all  the  performance 
goals  ->f  the  -ontract.  It  is  broadband,  and  was  shown  to  provide 
Category  II  performance  over  a  wide  range  of  severe  terrain  con¬ 
ditions.  The  antenna  had  a  reliability  problem  which  appears  to 
..  .  been  solved,  although  no  field  tests  have  been  performed 
since  the  modification. 

Antenna  tests  were  performed  on  both  the  antenna  pattern 
range  and  fli  ;ht  checks  in  the  field.  These  have  shown  an 
excellent  antenna  performance.  In  addition,  an  extensive  program. 
!  computer  modeling  has  indicated  that  the  antenna  can  provide 
AT  II  over  a  large  class  of  problem  terrain  typos. 

The  reliability  problem  which  occurred  dunnq  the  field 
test;,  was  entirely  attributed  to  the  i  allure  of  SMA  connectors 
lue  to  very  Ion;  cable  runs  wh  1  ch  we  re  heavy  and  susceptible  to 
thermally  induced  stress.  In  consultation  with  several  cable 
manul  act  .rets  it  was  determined  that  the  required  reliability 
•aid  be  achieved  by  replacing  ill  :  MA  connecter  ,  with  phase 
stabilized  cable  with  preformed,  bends  and  TNC  connectors. 

This  moiification  has  been  incorporated  into  the  antenna  but 
has  not  been  field  tested. 

The  antenna  had  been  assembled  and  field  tested  prior  to 
the  final  iosi  jn  of  the  monitor  system.  Hence,  some  rework 
had  to  be  performed  in  orier  to  incorporate  the  monitor  sampling 
probes  into  the  vicinity  of  the  radiating  elements.  This  re- 
jui  red  Jigging  every  dipole  element  out  of  the  foam  and  replacing 
the  element  feed  printed  circuit  with  a  board  which,  in  addition 
to  the  dipole  feed,  contains  a  20  dB  coupled  section  for  the 
monitor  signal  pick-up.  It  was  felt  that  this  could  be  done 
with  little  or  no  change  to  the  effective  aperture  distribution. 
This  is  probably  the  case.  However,  in  replacing  the  dipoles 
and  re-foaming  them  in  place,  the  single-cell  foam  construction 
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was  destroyed.  This  allowed  moisture  to  accumulate  in  the 
vicinity  of  the  dipole,  drastically  altering  the  radiation 
characteristics.  The  normal  radiation  pattern  was  lost.  While 
the  foam  was  intact  from  the  initial  construction,  the  antenna 
had  survived  tnrough  several  years  of  rain  and  snow.  The 
;  rob  lorn  only  occurred  after  the  foam  had  been  removed,  and 
replaced  in  the  vicinity  of  the  dipoles.  Since  it  may  be  nec- 
e  11 y  to  remove  a  dipole  at  some  time,  this  points  out  a 
mechanical  lesion  problem.  This  must  be  corrected  prior  to  an 
in  dilation  of  this  antenna  system.  It  is  recommended  that  all 
the  foam  be  removed  and  that  the  structure  housing  the  dipoles 
be  -‘lengthened  to  be  self  supporting  without  the  need  for  foam. 
It  th ;  m  Jification  was  incorporated,  it  is  felt  that  the 
antenna  reliability  would  be  consistent  with  long  terra  ILS 
requirements.  A  preliminary  lesign  modification  has  been 
c  m;  iete'.,  and  the  new  type  o!  construction  would  result  in 
a  small  cost  saving  per  unit. 

The  printe1.  circui*  ii  tribution  boar  is  have  been  dis¬ 
assembled.  and  tested  after  several  years  in  in  out  r  i  le 
environment.  They  performed  perfectly,  with  10  si  jn  of  any 
ieterioration.  It  is  felt  that  this  type  of  iistribution 
system  is  a  sound  approach  to  low  cost-hinh  reliability  ILS 
a  r  r  ay  s  . 

In  order  to  make  the  present  antenna  usable  at  a  field 
site  would  require;  (1)  removing  the  foam  an:  s t lengthening 
the  mechanical  structure,  (2)  re-measuring  the  radiation 
patterns  in  order  to  adjust  for  any  small  changes  in  excitation 
produced  by  the  structure  chan;c,  and  (3)  performing  a  field 
flight  check  in  order  to  validate  both  the  performance  of  the 
antenna  and  the  monitor  systems.  Sufficient  data  has  been 
accumulated  on  this  program  to  indicate  that  this  would  provide 
an  antenna  system  capable  of  providing  an  exceptional  quality 
of  CAT  II  performance  at  an  extremely  difficult  site. 


Aside  from  the  present  antenna,  the  monitor  technique 
described  in  this  report  has  a  broad  application  to  the 
monitoring  of  any  system  containing  a  large  number  of  radiators 
and  cables.  For  example,  it  can  be  directly  applied  to  monitoring 
a  localizer  array.  This  could  be  accomplished  using  this 
monitor  in  its  exact  configuration,  with  the  substitution  of  a 
reversed  coupled  Jirectional  coupler  as  a  sampling  device. 


APPENDIX  A 

AN  A  LY  IS  OF  RTT  TRACKING  ERROR 

In  the  performance  of  a  flight  check  it  is  necessary  to 
kn  w  the  exact  position  of  the  test  aircraft  at  all  points  on 
the  approach  path  in  or'.er  to  properly  evaluate  the  performance 
of  the  ;  1  i  de  slope  system.  This  was  accomplished  by  using  Radio 
Then  '.elite  Tracking  (RTT)  ,  the  system  used  on  this  contract. 

(The  present  sy  tern  uses  an  inertial  platform  and  computer 
analysis  to  ;  roviJc  this  positional  1 n f ormat ion . )  The  RTT  has 
m  inherent  error  which  is  a  function  of  the  geometry  associated 
with  the  :  ict  that  the  RTT  cannot  be  located  on  the  runway  at 
the  •  hi  '.own  point  (TOP).  (Note  that  the  new  inertial  system 
also  has  an  inherent  error  originating  in  the  fact  that  it 
measures  the  anile  from  the  aircraft  to  the  antenna  not  to  the 
touch- down  point.  This  is  not  a  significant  error  for  image 
systems,  which  are  located  opposite  touch-down,  but  is  very 
s  i  inif  leant  for  !  roadsi  le  arrays,  which  are  cons  i  do  rab  ly  closer 
to  threshold.  The  analysis  to  follow  can  be  applied  directly 
*o  this  case  if  the  antenna  is  assumed  in  place  of  the  RTT.) 

An  analysis  was  performed  to  determine  the  FTT  error.  This 
also  resulted  in  defining  a  better  mode  of  operation  which 
produces  a  smaller  RTT  error. 

The  question  of  RTT  error  can  best  be  understood  by  a 
simple  example.  The  system  is  calibrated  with  the  test  aircraft 
at  a  large  range.  It  is  adjusted  to  provide  O/'A  for  a  3° 
angle  and  »  7S^A  for  angles  of  ♦  0.35°.  Assume  the  aircraft 
flies  in  and  neve r  deviates  from  the  3°  glide  path.  In  the 
extreme  case  as  the  aircraft  passes  the  RTT  location,  the  RTT 
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operator  must  remove  3'  from  the  theodolite  in  order  to  track 
the  aircraft.  This  results  in  a  very  large  signal  in  S'  A  being 
transmitted  to  the  aircraft,  when  in  actuality  the  signal  should 
be  O/'A  since  the  aircraft  is  in  the  3°  glide  plane.  This  is  the 
extreme  error  case.  However,  sene  error  is  present  at  all 
ranges,  and  increases  as  range  decreases.  This  error  is 
;e  metric  m  nature,  and  hence,  some  care  is  required  in  siting 
t  he  HT7  . 

The  geometry  associated  with  this  analysis  is  given  in 
Figure  A- 1 .  It  is  desired  to  know  the  aircraft's  true  position. 
However,  the  RTT  measures  an  angle,  “*,  between  the  aircraft's 
location  and  the  horizontal,  at  the  RTT  location.  The  terms 
use  1  in  the  analysis  are  defined  as: 

y  »  RTT  offset 

b  ■>  RTT  backset 

h  »  RTT  height 

<*'  -  RTT  angle  referenced  to  horizontal 

TCH  threshold  crossing  height  at  the  desired  glide 
path  angle 

x  -  range  from  threshold  to  the  aircraft 

3  ■  height  of  desired  glide  path  at  the  aircraft 

location 

3'  ■  height  of  the  aircraft  referenced  to  the 
desired  glide  path 

This  analysis  assumes  that  the  aircraft  remains  over  the  runway 
center  line  extended.,  since  there  is  no  measurement  madi  on 
il  error.  mg  .  > '  .  nly  equal  1  thi 

true  glide  path  angle  if  the  theodolite  is  located  at  the  touch¬ 
down  point.  The  next  best  case  requires  the  theodolite  to  be 
located  in  the  plane  containing  the  desired  glide  path. 

Assuming  flat  ground  between  the  RTT  position  and  threshold, 
the  RTT  height  which  places  it  in  the  desired  glide  plane  is 
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W  =  TcH  'b  J#, 


for  a  desired  angle  of  3  .  The  chart  recorder  on  the  flight 
check  aircraft  includes  outputs  for  the  antenna  signal,  RTT 
signal,  and  a  ii f ferenti al  output  given  by. 


■£>'  Cf  ■  A  n-l  -  > 
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is  based  on  the  angle*7  .  The  correct  eval  lal 

me  as 

would  require  the  RTT  to  measure  the  glide  path  angle  not  o(,  ’  . 
Hence,  t  correction  is  needed,  jiven  by. 


A  =  *tt  -  *rr 

i  Tru  e 
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RTT  =  2'ff  +  A 

True 
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The  normal  RTT  calibration  is  with  respect  to  the  horizontal, 
such  that  , 

3°  =  O 

3* S  •  *■»'*  =  7 

Hence,  1°  of  RTT  I  icemen  t  y  l  •  *  1  is  4  . A  oi  JI  al, 

allowing  the  RTT  signal  to  be  written  as, 

ffTT  -  (J°-  •* ')  J/V.  IbC 


whe  re 
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tfTT  =  (  J  -  **4)  J/y.  786 

True 


( A  -  6  ) 


p  if.  »  i 


=  «?/y.  ?*£  ; 


/?7T  -  RTT  -  A  =  (6'*i  -•*')&  . 

Hem  i  Trie 
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from  the  geometry  of  Figur  •  A-l, 
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J£it  ♦  x 
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r*~y-  z'f  Z  -  ^ 
TfrTiFTJ' 


( A-9 ) 


which  for  the  case  of  equation  A-l  is. 


/fctL)  Sj1  7 
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Eliminate  Z'  *  Z  between  equations  A-8  and  A- 10 , 

4  /> {  =  ^  fy^rJ  j/fai)' f )v '  u  \  tch  - 


•ince  RTT^ jf_  is  a  known  quantity,  available  on  the  chart 
recorder  output,  rewrite  equation  A-5  as, 

-u'A  =  *TT  -  J°4. 
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Substituting  ejuations  A-ll  and  A-12  into  equation  A-7  gives, 

&  •  A  f  JzlL 1  >?TTM'^) 

[tch  +  *  L  ^  ^ 


V-  -  A  ku,  J#  ]  ]  -  J*/|  ♦  i?TT 
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where  A  is  the  correction  to  be  added  to  the  differential  trace. 
Note  that  the  correction  is  always  smaller  the  closer  the  RTT  is 
located  to  touch-down.  Figure  A-2  is  a  plot  of  the  correction 
A  for  an  RTT  located  at  y  '  100'  and  b  *  822'  for  a  TCH  of  55'. 

This  is  very  close  to  the  touch- down  point  and  yet  the  correction 
is  substantial  near  threshold  where  Zone  3  data  is  critical  for 
CAT  II.  (This  correction  would  increase  as  y  gets  larger,  as 
w  aid  be  the  case  for  a  broadside  array  measure  5  via  the  new 
inertial  system.  In  practice,  y  may  be  as  large  as  820',  as  is 
the  case  at  La'uardia  RW  22.) 

Consider  the  example  given  prior  to  the  analysis,  in  which 
it  was  shown  that  a  very  large  RTT  error  exists  as  the  aircraft 
passes  the  RTT  location.  This  indicates  that  even  when  the 
aircraft  is  in  the  desired  glide  path,  but  not  at  extreme  large 
ranges,  there  is  an  RTT  error.  Only  at  infinite  range  is  this 
system  absolutely  correct.  This  type  of  geometric  error  could 
be  immediately  caused  by  a  physical  modification  of  the  theodo¬ 
lite.  If  the  theodolite  base  plate  were  inclined  parallel  to 
the  desired  glide  path  angle,  an  aircraft  on  path  could  be 
tracked  at  any  range  by  only  a  rotation  of  the  theodolete  and 
no  theodolite  angle  change.  Hence,  even  in  the  extreme  case 
of  the  aircraft  flying  past  the  RTT  location,  no  signal  would 
be  transmitted  from  the  RTT  to  the  aircraft.  This  technique 
results  in  no  required  correction  for  aircraft  on  glide  path 
at  any  range,  whereas  the  system  in  use  requires  some  correction 
everywhere  except  at  infinite  range. 

An  analysis  was  performed  for  this  arrangement,  in  which 
the  RTT  measures  sn  angle  °t  with  respect  to  the  desired  glide 
plane.  The  terms  are  the  same  as  defined  in  Figure  A- 1  and 
the  preceding  analysis.  With  the  RTT  base  plate  elevated  to 
an  angle  equal  to  the  desired  glide  path  angle  (3°), 
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- <s>— 

/?7T  =  -o<  A  . 


( A- 1 4 ) 


As  previously  given 


/?7T  -  Cj0-  A*3})  A  <a-6) 

7>w 


in  i  the  re  fore  , 


RTT  -  RTT  =  (6P\  J*)a 

Tr*c  ' 


(A-  15) 


I’sing  the  geometry  of  Figure  A-l,  one  can  show  that. 


4  -- 


j  %  3-y^rt)  r  ia_ 

7~£H  +  X  J*  L  '  A 


1* 


f jL'Ht ~JL, ))  -  6j±Uzi°~li „  j/f,/}TT 
4/  ZfcTrT^'Jj 


n,^  ia  correct)  added  to  the  different 

No  te  that  •  A 

me  as  *— * 

rrect ion  ( A 

me  as 

solution  of  equation  A-16  is  given  in  Figure  A- 3  for  the  same 
theodolite  location  as  used  in  Figure  A-2.  This  improved 
technique  would  be  more  impressive  if  the  y  coordinite  of  the 
PT7  had  been  larger. 
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Figure  A-3  Correction  Curves  For  RTT  With  Base  Plate  In  3  Plane 


APPENDIX  B 

ANTENNA  PATTERN  SYNTHESIS 


Using  mathematical  synthesis,  patterns  meeting  the  re¬ 
quirements  for  glide  slope  antennas  operating  over  rough 
ground  have  been  generated.  The  method  of  analysis  provides 
for  in  phase  patterns  (guidance  phase  components  are  zero) , 
so  that  phasing  problems  encountered  in  certain  earlier  array 
work  are  avoided.  This  excludes  using  the  Schelkunoff 
Polynominal  method  as  a  means  of  synthesis.  The  following  is  a 
summary  of  the  synthesis  technique. 

A.  Continuous  Apertures 

Let  g'  be  an  aperture  function  which  is  continuous  across 
an  aperture  of  length  "a". 


We  define  a  new  variable  "p"  that  is  dimensionless  and  related 
to  the  physical  length  "x"  of  the  aperture  by. 


p  =  ZlT * 

'  eu 

Then  the  aperture  is  defined  over  the  interval  t-K"] 
The  Fraunhhoffer  (far  f ie Id) di f f ractl on  pattern  for  the 
excitation  gf  is  the  Fourier  transform  of  g*  given  by. 


FM  *  J  e  Jp ,  ( •*  : 


(B-l) 


(B-2) 


B-l 


The  following  prescription  has  been  used  to  obtain  an  aperture 
corresponding  to  a  particular  far  field  pattern,  under  the  con¬ 
dition  of  a  continuous  aperture. 


I.  For  the  desired  far  field  F,  it  is  approximated  by  an 
infinite  product  which  characterizes  it  by  its  zeros. 


II.  Following  Taylor,  the  continuous  aperature  corresponding 
to  F  is  approximated  by. 
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Ft—) 

XV 


—J  A*  p 


) 
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where  the  limit  N  is  sought  (by  trial  and  error,  so  far)  that 
gives  the  best  approximation. 


III.  The  validity  of  equation  (B-3)  is  checked  by  trans- 
torming  that  expression  back  to  the  far  field.  This  gives, 


-  P(~) 


(B-4) 


Equation  (B-4) indicates  that  one  need  not  evaluate  T  to  test  its 
vali  lity,  for  F  depends  only  on  knowing  V  at  the  inteuers. 

A 

B.  Discrete  Radiators  Equivalent  to  a  Synthesis  for  a 
Continuous  Aperture. 

A  discrete  aperture  can  be  characterized  by. 


?«»  J  3J,  £(p-?h) } 

{  £ /  serves  to  remind  us  that  k^O)  , 
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where  gk  is  complex  and  contains  the  progressive  as  well  as  the 
individual  radiating  phases.  The  delta  function  serves  to  local 
ize  the  oscillator  strengths  at  p^ ,  .  The  corresponding  far 

field  is  equation  (D-2)  , 


r''  J/ou t  JS / 

*/  ?k  C 

-IT 

Adopting  Taylor's  synthesis  analysis, 

.  /t*  -  rl  r- 
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whore,  instead  of  performing  the  obvious  integration  in  equation 
(B-7),  we  express  it  approximately  by  a  -  point  Gauss 
integration  (K  ]  is  an  even  integer)  where  the  change  of  variable 
y  3  TT  p  is  used.  Thus,  f 

FaCu)  -  Z  r"rf"~h 

-  /?/ 


(B-8) 


where  the  weights,  w^ ,  for  the  Gauss  integral  satisfy  w^*w^ 
and  the  zeros  of  the  K  degree  Legendre  polynominal,  y.  , 

Iv 


Thus  , 


equation  ( B—  8 )  tells  us  that 


( B  —  9 ) 


as  is  already  qiven  in  equation  (B-6) ,  where  the  position  of  the 
k —  radiator  is  pk  =  7T  y^  and  its  excitation  is 


'  n  ~  v* 

e 


( B  —  10) 


This  technique  has  been  used,  with  reasonable  success,  for  an 
asymmetric  far  field  pattern. 


